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Description 

The present invention relates to titanium oxide particles, a substrate for a magnetic recording medium and a mag- 
netic recording medium using the substrate. More particularly, the present invention relates to titanium oxide particles 
s suitable as non-magnetic particles for a non-magnetic undercoat layer of a magnetic recording medium which uses 
magnetic particles containing iron as a main ingredient, and even more particularly, to titanium oxide particles suitable 
as non-magnetic particles for a non-magnetic undercoat layer of a magnetic recording medium which uses magnetic 
particles containing iron as a main ingredient, which show an excellent dispersibility in a binder resin, which contain 
only a small amount of soluble sodium salt and soluble sulfate, and have a pH value of not less than 8, a substrate for 
io the magnetic recording medium, and a magnetic recording medium using the substrate. 

With a development of miniaturized and lightweight video or audio magnetic recording and readingout apparatuses 
for long-time recording, magnetic recording media such as a magnetic tape and magnetic disk have been increasingly 
and strongly required to have a higher performance, namely, a higher recording density, higher output characteristic, 
in particular, an improved frequency characteristic and a lower noise level. 
is Various attempts have been made at both enhancing the properties of magnetic particles and reducing the thick- 

ness of a magnetic layer in order to improve these properties of a magnetic recording medium. 

The enhancement of the properties of magnetic particles will first be described. 

The properties which magnetic particles are required to have in order to satisfy the above-described demands on 
a magnetic recording medium, are a high coercive force and a large saturation magnetization. 
20 As magnetic particles suitable for high-oulput recording and high-density recording, acicular magnetic particles 

containing iron as a main ingredient which are obtained by heat-treating acicular goethite particles or acicular hematite 
particles in a reducing gas, are widely known. 

Although acicular magnetic particles containing iron as a main ingredient have a high coercive force and a large 
saturation magnetization, since the acicular magnetic particles containing iron as a main ingredient used for a magnetic 
2S recording medium are very fine particles having a particle size of not more than 0.3 pm, particularly, 0.01 to 0.2 pm, 
such particles easily corrode, and as a result, magnetic characteristics thereof are deteriorated, especially, the satu- 
ration magnetization and the coercive force are reduced. 

Therefore, in order to maintain the characteristics of a magnetic recording medium which uses magnetic particles 
containing iron as a main ingredient as the magnetic particles over a long period, it is strongly demanded to suppress 
30 the corrosion of acicular magnetic particles containing iron as a main ingredient as much as possible. 
A reduction of the thickness of a magnetic recording layer will now be described. 

Video tapes have recently been required more and more to have a higher picture quality, and the frequencies of 
carrier signals recorded in recent video tapes are higher than those recorded in conventional video tapes. In other 
words, the carrier signals in the short-wave region have come to be used, and as a result, the magnetization depth 

35 from the surface of a magnetic tape has come to be remarkably small. 

For the purpose of high-density recording, it is necessary to maintain the output characteristics, to reduce noise, 
and especially, to improve the S/N ratio with respect to signals having a short wavelength as well. In a magnetic re- 
cording medium composed of a substrate and a magnetic recording layer formed on the substrate, it have been con- 
ducted to reduce the thickness of the magnetic recording layer. This fact is described, for example, on page 312 of 

40 Development of Magnetic Materials and Technique for High Dispersion of Magnetic Powder, published by Sogo Gijutsu 
Center Co. Ltd. (1 982), the conditions for high-density recording in a coated-layer type tape are that the noise level 
is low with respect to signals having a short wavelength and that the high output characteristics are maintained. To 
satisfy these conditions, it is necessary that the tape has large coercive force He and residual magnetization Br, and 
the coating film has a smaller thickness. 

45 Development of a thinner film lor a magnetic recording layer has caused some problems. 

Firstly, it is necessary to make a magnetic recording layer smooth and to eliminate the non-uniformity of thickness. 
As well known, in order to obtain a smooth magnetic recording layer having a uniform thickness, the surface of the 
substrate must also be smooth. This fact is described on pages 180 and 181 of Materials for Synthetic Technology- 
Causes of Friction and Abrasion of Magnetic Tape and Head Running System and Measures for Solving the Problem 

so (hereinunder referred to as Materials for Synthetic Technology (1987), published" by the publishing department of 
Technology Information Center, the surface roughness of a hardened magnetic layer depends on the surlace rough- 
ness of a substrate (back surface roughness) so largely as to be approximately proportional, -•• since the magnetic 
layer is formed on the substrate, the more smooth the surface of the substrate is, the more uniform and larger head 
output is obtained and the more the S/N ratio is improved." 

5S Secondly, there has been caused a problem in the strength of a non-magnetic substrate such as a base film with 

a tendency of the reduction in the thickness of a non-magnetic substrate which has been conventionally used in re- 
sponse to the demand for a thinner magnetic layer. This fact is described, for example, on page 77 of the above- 
described Development of Magnetic Materials and Technique for Bigh Dispersion of Magnetic Powder , Higher 
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recording density is a large problem assigned to the present magnetic tape. This is important in order to shorten the 
length of the tape so as to miniaturize a cassette and to enable long-time recording. For this purpose, it is necessary 
to reduce the thickness of a substrate ■». With the tendency of reduction in the film thickness, the stiffness of the tape 
also reduces to such an extent as to make smooth travel in a recorder difficult. Therefore, improvement of the stiffness 
s of a video tape both in the machine direction and in the transverse direction is now strongly demanded." 

The end portion of a magnetic recording medium such as a magnetic tape, especially, a video tape is judged by 
detecting a portion of the magnetic recording medium, at which the light transmittance is large by a video deck. As 
acicular magnetic particles containing iron as a main ingredient used for high-density recording, very fine particles are 
used as described above. With such a tendency of the reduction in the particle size of magnetic particles, and the 
to thickness of the magnetic recording layer and substrate, the light transmittance of the magnetic recording medium 
tends to be larger, and as a result, it is difficult to detect the end of the magnetic tape by the video deck. For reducing 
the light transmittance of the magnetic recording medium, carbon black or the like is added to the magnetic recording 
layer. It is, therefore, essential to add carbon black or the like to a magnetic recording layer in the present video tapes. 

However, addition of non-magnetic carbon black impairs not only the enhancement of the recording density but 
also the reduction of the thickness of the magnetic recording layer. It is, therefore, strongly demanded that the light 
transmittance of a magnetic recording layer should be small even if the amount of the carbon black or the like which 
is added thereto is reduced to small or zero. From this point of view, improvements in the substrate are now in strong 
demand. 

On the other hand, there is no end to a demand for a higher performance in recent magnetic recording media. 
20 With the above-described reduction in the thickness of a magnetic recording layer and a non-magnetic substrate, since 
the durability of the surface of the magnetic recording layer and the magnetic recording medium itself lowers, an im- 
provement of the durability of the surface of the magnetic recording layer and the magnetic recording medium itself is 
in strong demand. 

This fact is described in Japanese Patent Application Laid-Open (KOKAI) No. 5-298679, "»- With the recent de- 

25 velopment in magnetic recording, recording with a high picture quality and a high sound quality has increasingly been 
required. It is further required to improve the signal recording property, especially, to reduce noise and raise the C/N 
by making the surface of a magnetic tape smooth with the reduction of the particle size of ferromagnetic particles and 
the enhancement of the recording density. ••• However, the coefficient of friction between the magnetic tape and an 
apparatus during the travel of the magnetic tape increases, so that there is a tendency of the magnetic layer of the 

30 magnetic tape (magnetic recording medium) being damaged or exfoliated even in a short time. Especially, in a video 
tape, since the magnetic recording medium travels at a high speed in contact with the video head, the ferromagnetic 
particles are apt to be dropped from the magnetic layer, which may cause clogging on the magnetic head. Therefore, 
improvement in the running stability of the magnetic layer of a magnetic recording medium is expected. 

Various attempts have been made to improve the substrate for a magnetic recording layer. A magnetic recording 

3S medium having at least one undercoat layer (hereinunder referred to as "non -magnetic undercoat layer") obtained by 
forming the dispersion composed of non-magnetic particles such as titanium oxide particles and a binder resin on a 
non-magnetic substrate such as a base film, has been proposed and put to practical use (Japanese Patent Publication 
No. 6-93297 (1994), Japanese Patent Application Laid-Open (KOKAI) Nos. 62-159338 (1987), 4-167225 (1992), 
4-325915 (1992), 5-73882 (1993), 5-182177 (1993), 5-347017 (1993), 6-60362 (1994), 8-45062 (1996), etc.). 

^0 Particularly, Japanese Patent Application Laid-Open (KOKAI) No. 5-182177 (1993) describes as follows: 

"The inorganic particles usable in the present invention include, for example, metals, metal oxides, metal carbon- 
ates, metal sulfates, metal nitrates, metal carbides and metal sulfides. Concretely, Ti0 2 , (rutile, anatase), TiO x , cerium 
oxide, tin oxide, tungsten oxide, ZnO, Zr0 2 , Si0 2 , Cr 2 0 3 , a alumina having not less than 90% of a-formation ratio, p- 
alumina, 7-alumina, a-iron oxide, goethite, corundum, silicon nitrate, titanium carbide, magnesium oxide, boron nitrate, 

45 molybdenum disulfide, copper oxide, MgC0 3 , CaC0 3 , BaC0 3 , SrC0 3 , BaS0 4 , silicon carbide, titanium carbide, etc. 
are used singly or in combination." 

"As the inorganic particles, those satisfying the following conditions are preferable. The tap density is 0.05 to 2 g/ 
cc, preferably 0.2 to 1.5 g/cc. The water content is 0.1 to 5 wt%, preferably 0.2 to 3 wt%. The pH value is 2 to 11 , 
preferably 4 to 10. The specific surface area is 1 to 100 m 2 /g, preferably 5 to 70 m 2 /g, more preferably 7 to 50 m 2 /g. 

so The prelerable crystal grain size is 0.01 to 2 ^im. In the case of granular particles, the average particle size is not more 
than 0. 1 fim, preferably not more than 0.08 ^m. In the case of acicular particles, the major axial diameter is 0.05 to 1 .0 
u.m, preferably 0.06 to 0.5 u.m, the acicular ratio (aspect ratio) is 3 to 30, preferably 5 to 15. The oil absorption using 
DBP is 5 to 100 ml/100 g, preferably 10 to 80 ml/100 g, more preferably 20 to 60 ml/100 g. The SA (stearic acid) 
adsorption is 1 to 20 umol/m 2 more preferably 2 to 1 5 jjmol/m 2 . The roughness factor of the particle surfaces is 

SB preferably 0.8 to 1 .5. The heat of wetting to water at 25° C is preferably 200 to 600 erg/cm 2 . A solvent having the heat 
of wetting in the above range is also usable. The appropriate quantity of water molecules on the surface at 100 to 
400°C is in the range of 1 to 10/100A. The pH value in water at the isoelectric point is preferably 3 to 9. The specific 
gravity is 1 to 12, preferably 3 to 6. The ignition loss is preferably not more than 20 %." 
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"As the non-magnetic inorganic particles used in the present invention, titanium oxide (particularly, titanium dioxide) 
is preferable. The process for preparing titanium oxide will be described in detail in the following. 

As the process for preparing titanium oxide, a sulfuric acid method and a chlorine method are mainly used. In the 
sulfuric acid method, a raw ore such as ilmenite is distilled in sulfuric acid to extract Ti, Fe, etc. in the form of sulfates. 
5 After the iron sulfate is removed by crystallization separation, the remaining titanyl sulfate solution is filtered, purified 
and hydrolyzed under heating to precipitate hydrated titanium oxide. After filtering the precipitated hydrated titanium 
oxide out and washing it with water, the impurities are washed out, and a particle size regulator is added and calcined 
at a temperature of 80 to 1 ,000°C. thereby obtaining crude titanium oxide. The obtained crude titanium oxide is classified 
into the rutile titanium oxide and the anatase titanium oxide by the nuclear material added at the time of hydrolysis. 
10 The resultant crude titanium oxide is pulverized. After the dressing of grain and the surface treatment, the target titanium 
oxide is obtained. 

In the chlorine method, natural rutile as a raw ore and synthesized rutile are used. The ore is chlorinated in the 
state of reduction at a high temperature, so that Ti is changed into TiCI 4 and Fe into FeCI 2 . The iron oxide which is 
cooled into a solid is separated from liquid TiCI 4 . After the crude TiCI 4 obtained is refined by fractionating, a nucleating 
is agent is added thereto and instantaneously reacted with oxygen at a temperature not lower than 1000°C to obtain 
crude titanium oxide. The finishing process for imparting a pigment quality to the crude titanium oxide produced in the 
oxidization separation process is the same as in the sulfuric acid method." 

Japanese Patent Application Laid-Open (KOKAI) No. 5-347017 (1993) describes as follows: 
"In the present invention, it is possible to appropriately select various known non-magnetic particles. Examples of 
20 the usable non-magnetic particles are carbon black, graphite, Ti0 2 , barium sulfate, ZnS, MgC0 3 , CaC0 3 , ZnO, CaO, 
tungsten disulfide, molybdenum disulfide, boron nitride, MgO, Sn0 2 , Si0 2 , Cr 2 0 3 , a-AI 2 0 3 , a-Fe 2 0 3 , u-FeOOH, SiC, 
cerium oxide, corundum, artificial diamond, a-iron oxide, garnet, silica rock, silicon nitride, boron nitride, silicon carbide, 
molybdenum carbide, boron carbide, tungsten carbide, titanium carbide, tripoli, diatom and dolomite. Among these are 
preferable inorganic particles such as carbon black, CaC0 3 , Ti0 2 , barium sulfate, a-AI 2 0 3 , oc-Fe 2 0 3 , a-FeOOH and 
2S Cr 2 0 3 , and polymer particles such as polyethylene powder. 

"The major axial diameter of the non-magnetic particles is ordinarily not more than 0.50 u.m, preferably not more 
than 0.40 u.m, more preferably not more than 0.30 pm. The minor axial diameter of the non-magnetic particles is 
ordinarily not more than 0.10 um, preferably not more than 0.08 pm, more preferably not more than 0.06 urn. The 
aspect ratio of the non-magnetic particles is ordinarily 2 to 20, preferably 5 to 15, more preferably 5 to 10. The aspect 
30 ratio here means the ratio (major axial diameter/minor axial diameter) of the major axial diameter to the minor axial 
diameter. The specific surface area of the non-magnetic particles is ordinarily 10 to 250 m 2 /g, preferably 20 to 150 m 2 / 
g, more preferably not more than 30 to 100 m 2 /g." 

As is clear from the above description, various inorganic particles are known as the non-magnetic particles for a 
non-magnetic undercoat layer. Especially, known titanium oxide particles which are fine particles having an excellent 
35 chemical resistance, are widely used. 

Non-magnetic particles for a non-magnetic undercoat layer which are capable of not only reducing the thickness 
of a magnetic recording layer but also producing a substrate having as smooth a surface as possible and a high strength, 
which enable a thinner magnetic recording layer having a small light transmittance, an excellent surface smoothness 
and a uniform thickness to be formed on the substrate, and which are capable of suppressing a corrosion of the magnetic 
40 particles containing iron as a main ingredient which are dispersed in the magnetic recording layer, are now in the 
strongest demand, but no such non-magnetic particles have ever been obtained. 

When commercially available titanium oxide particles or titanium oxide particle produced by coating on the surface 
of the available titanium oxide particles with an aluminum compound, are used as non-magnetic particles for a non- 
magnetic undercoat layer, it is impossible to sufficiently enhance the surface smoothness of the non-magnetic under- 
45 coat layer formed on the non-magnetic base film. As a result, when a magnetic recording layer is formed on such a 
non-magnetic undercoat layer, it is difficult to make a thin layer having a smooth surface and a uniform thickness. In 
addition, due to its process, the soluble sodium salt and the soluble sulfate contained in the titanium oxide particles 
necessarily cause the corrosion of the magnetic particles containing iron as a main ingredient which are dispersed in 
the magnetic recording layer, thereby greatly reducing the magnetic characteristics. 
50 The fact that titanium oxide particles -contain soluble sodium salt, soluble sulfate, etc. are described on page 77 

of Titanium Oxide-Physical Properties and Applied technique (1991), (published by Gihodo Co., Ltd.) as follows: 
In titanium oxide, K, Na, Li, Mg, P0 4 , S0 4 or CI which is contained in conditioning agents and flocculants, remain as 
a water-soluble matter. In surface-treated titanium oxide, Na, S0 4 , CI as a by-product of the production of a surface- 
treating hydrate adsorbs to the hydrate. 
55 Especially, when-titanium oxide is ireaied with an alumina hydrate, it is apt to become difficult to remove the acid 

radical such as S0 4 due to the base of the alumina. On the other hand, when titanium oxide is treated with a silica 
hydrate, the silica firmly connects with the alkali metal ions Na, and the complete removal thereof is very difficult. 
As a result of various studies to solve the above-described problems, it has been found that by pulverizing com- 
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mercially available titanium oxide particles by a wet-process so that the amount of the coarse particles having a particle 
size of not less than 44 nm are not more than 10 wt% based on the total weight of particles, and treating the slurry 
obtained with an alkali at pH value of not less than 13 at a temperature of not lower than 80°C, the obtained titanium 
oxide particles which have an average particle size of not more than 0.3 urn and a BET specific surface area of not 

5 less than 15 m 2 /g, which contain a soluble sodium salt of not more than 230 ppm (calculated as Na) and a soluble 
sulfate of not more than 150 ppm (calculated as S0 4 ) and which have a pH value of not less than 8, are capable of 
(1) providing a substrate having an excellent surface smoothness and a high strength, (2) forming a thin-film magnetic 
recording layer having a small light transmittance, an excellent surface smoothness and a uniform thickness, and (3) 
suppressing a corrosion of the magnetic particles containing iron as a main ingredient which are dispersed in the 

10 magnetic recording layer. On the basis of this finding, the present invention has been achieved. 

It is an object of the present invention to provide non-magnetic particles for a non-magnetic undercoat layer which 
are capable of producing a substrate having an excellent surface smoothness and a high strength, which enable a thin 
magnetic recording layer having a small light transmittance, an excellent surface smoothness and a uniform thickness 
to be formed on the substrate, and which are capable of suppressing a corrosion of the magnetic particles containing 

is iron as a main ingredient which are dispersed in the magnetic recording layer. 

To accomplish these aims, in a first aspect of the present invention, there are provided titanium oxide particles 
which have an average particle size of not more than 0.3 um and a BET specific surface area of 15 to 200 m 2 /g, which 
contain a soluble sodium salt of not more than 230 ppm (calculated as Na) and a soluble sulfate of not more than 150 
ppm (calculated as S0 4 ), and which have a pH value of not less than 8. 
20 in a second aspect of the present invention, ihere is provided titanium oxide particles which have an average 

particle size of not more than 0. 3 u.m and a BET specific su rface area of 1 5 to 200 m 2 /g, which contain a soluble sodium 
salt of not more than 230 ppm (calculated as Na) and a soluble sulfate of not more than 150 ppm (calculated as S0 4 ), 
and which have a pH value of not less than 8, 

25 the surfaces of said particles being coated with at least one selected from the group consisting of a hydroxide of 

aluminum, an oxide of aluminum, a hydroxide of silicon and an oxide of silicon. 

In a third aspect of the present invention, there is provided a substrate for a magnetic recording medium comprising: 

30 a non-magnetic base film; and 

-v a non-magnetic undercoat layer formed on said non-magnetic base film, and comprising a binder resin and as 
non-magnetic particles, titanium oxide particles which have an average particle size of not more than 0.3ujti and 
a BET specific surface area of 15 to 200 m 2 /g, which contain a soluble sodium salt of not more than 230 ppm 
(calculated as Na) and a soluble sulfate of not more than 1 50 ppm (calculated as S0 4 ), and which have a pH value 

35 of not less than 8. 



In a fourth aspect of the present invention, there is provided a substrate for a magnetic recording medium com- 
prising: 

40 a non-magnetic base film; and 

a non-magnetic undercoat layer formed on said non-magnetic base film, and comprising a binder resin and as 
non-magnetic particles, titanium oxide particles which have an average particle size of not more than 0.3 jam and 
a BET specific surface area of 15 to 200 rr^/g, which contain a soluble sodium salt of not more than 230 ppm 
(calculated as Na) and a soluble sulfate of not more than 150 ppm (calculated as S0 4 ), and which have a pH value 

45 of not less than 8, the surfaces of said particles being coated with at least one selected from the group consisting 

of a hydroxide of aluminum, an oxide of aluminum, a hydroxide of silicon and an oxide of silicon. 

In a fifth aspect of the present invention; there is provided a magnetic recording medium comprising: 

50 a substrate for a magnetic recording medium, comprising a non-magnetic base film, and a non-magnetic undercoat 

layer formed on said non-magnetic base film and comprising a binder resin and as non-magnetic particles, titanium 
oxide particles which have an average particle size of not more than 0.3 fim and a BET specific surface area of 
15 to 200 m 2 /g, which contain a soluble sodium salt of not more than 230 ppm (calculated as Na) and a soluble 
sulfate of not more than 150 ppm (calculated as S0 4 ), and which have a pH value of not less than 8; and 

55 a magnetic recording layer comprising magnetic particles containing iron as a main ingredient and a binder resin 

which is formed on said non-magnetic undercoat layer. 

In a sixth aspect of the present invention, there is provided a magnetic recording medium comprising: 
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a substrate for a magnetic recording medium, comprising a non-magnetic base film and a non-magnetic undercoat 
layer formed on said non-magnetic base film and comprising a binder resin and as non-magnetic particles, titanium 
oxide particles which have an average particle size of not more than 0.3 urn and a BET specific surface area of 
1 5 to 200 m 2 /g, which contain a soluble sodium salt of not more than 230 ppm (calculated as Na) and a soluble 
s sulfate of not more than 150 ppm (calculated as S0 4 ), and which have a pH value of not less than 8, the surfaces 

of said particles being coated with at least one selected from the group consisting of a hydroxide of aluminum, an 
oxide of aluminum, a hydroxide of silicon and an oxide of silicon; and 

a magnetic recording layer comprising magnetic particles containing iron as a main ingredient and a binder resin 
which is formed on said non-magnetic undercoat layer. 

10 

The titanium oxide particles according to the present invention will first be described. 

The shape of the titanium oxide particles of the present invention may be granular, rice-ball shaped or acicular. 

The average particle size of the titanium oxide particles is not more than 0.3pm. Particularly, in the case of granular 
titanium oxide particles, the average particle diameter is ordinarily about 0.005 to 0.3 pm. When the average particle 
is diameter is less than 0.005 pm, it is difficu It to disperse the particles in a binder resin by the increase of the intermolecular 
force due to too fine particles, so that the non-magnetic undercoat layer produced by using such titanium oxide particles 
cannot be said to have a sufficient surface smoothness. On the other hand, when the average particle diameter exceeds 
0.3 pm, although the dispersion of the particles in a binder resin is good, the particles become coarse, so that the non- 
magnetic undercoat layer produced by using such titanium oxide particles cannot have a sufficient surface smoothness. 
20 With the consideration of the dispersibilily of the particles in a binder resin and the surface smoothness of a non- 
magnetic undercoat layer, the average particle diameter is preferably 0.02 to 0.2 pm, more preferably 0.03 to 0. 1 8 pm. 

If the shape of the titanium oxide particles is rice-ball shaped or acicular, the average major axial diameter is 
ordinarily about 0.005 to 0.3 pm, and the average minor axial diameter is ordinarily about 0.0025 to 0.15 pm. 

When the average major axial diameter is less than 0.005 pm, it Is difficult to disperse the particles in a binder 
25 resin by the increase of the intermolecular force due to too fine particles, so that the non-magnetic undercoat layer 
produced by using such titanium oxide particles cannot be said to have a sufficient surface smoothness. On the other 
hand, when the average major axial diameter exceeds 0.3 pm, although the dispersion of the particles in a binder resin 
is good, the particles become coarse, so that the non-magnetic undercoat layer produced by using such titanium oxide 
particles cannot have a sufficient surface smoothness. 
30 When the average minor axial diameter is less than 0.0025 pm, it is difficult to disperse the particles in a binder 

resin by the increase of the intermolecular force due to too fine particles, so that the non-magnetic undercoat layer 
produced from the titanium oxide particles cannot be said to have a sufficient surface smoothness. On the other hand, 
when the average minor axial diameter exceeds 0.15 pm, although the dispersion of the particles In a binder resin is 
good, the particles become coarse, so that the non-magnetic undercoat layer produced by using such titanium oxide 
35 particles cannot have a sufficient surface smoothness. 

In the consideration of the dispersibilily of the particles into a binder resin and the surface smoothness of a non- 
magnetic undercoat layer, the average major axial diameter is preferably 0.02 to 0.3 pm more preferably 0.05 to 0.3 
pm, and the average minor axial diameter is preferably 0.005 to 0.1 pm, more preferably 0.01 to 0.08 pm. 

The aspect ratio (average major axial diameter/average minor axial diameter) (hereinunder referred to simply as 
40 "aspect ratio") is ordinarily not less than 2:1, preferably not less than 3 : 1. In the consideration of the dispersibility of 
the particles into a binder resin, the upper limit is ordinarily 20 : 1, preferably 10 : 1. 

The BET specific surface area (S BET ) of the titanium oxide particles of the present invention is about 1 5 to 200 m 2 /g. 

When the BET specific surface area is less than 15 m 2 /g, although the dispersibility of the particles into a binder 
resin is good, the particles become coarse, so that the non-magnetic undercoat layer produced by using such titanium 
45 oxide particles cannot have a sufficient surface smoothness. 

If the BET specific surface area exceeds 200 m 2 /g it is difficult to disperse the particles in a binder resin by the 
increase of the intermolecular force due to too fine particles, so that the non-magnetic undercoat layer produced by 
using such titanium oxide particles cannot be said to have a sufficient surface smoothness. In the consideration of the 
dispersibility of the particles into a binder resin and the surface smoothness of a non-magnetic undercoat layer, the 
so BET specific surface area is preferably 20 to 1 00 m 2 /g, more preferably 35 to 80 m 2 /g. 

The content of soluble sodium salt in the titanium oxide particles js not more than 230 ppm (calculated as Na). 

If the content exceeds 230 ppm, the magnetic particles containing iron as a main ingredient contained in the 
magnetic recording layer formed on the non-magnetic undercoat layer are gradually corroded, thereby causing the 
deterioration in the magnetic characteristics. In addition, the dispersibility of the titanium oxide particles in a binder 
55 resin'is iikeiy to be deteriorated; efflorescence is causetiln " sdme'staterof preseiVatibnrparticuia riyTn a"circum^tanc~e 
of a high humidity. In the consideration of the prevention of the corrosion of the magnetic particles containing iron as 
a main ingredient, the content of soluble sodium salt is preferably not more than 200 ppm, more preferably not more 
than 160 ppm, even more preferably not more than 150 ppm. From the point of view of industry such as productivity, 
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the lower limit is about 0.01 ppm. 

The content of soluble sodium sulfate in the titanium oxide particles is not more than 1 50 ppm (calculated as S0 4 ). 
If the content exceeds 150 ppm, the magnetic particles containing iron as a main ingredient contained in the magnetic 
recording layer formed on the non-magnetic undercoat layer are gradually corroded, thereby causing the deterioration 
s in the magnetic characteristics. In addition, the dispersibility of the titanium oxide particles in a binder resin is likely to 
be deteriorated, efflorescence is caused in some state of preservation, particularly in a circumstance of a high humidity. 
In the consideration of the prevention of the corrosion of the magnetic particles containing iron as a main ingredient, 
the content of soluble sodium salt is preferably not more than 100 ppm, more preferably not more than 70 ppm. From 
the point of view of industry such as productivity, the lower limit is about 0.01 ppm. 
io The content of soluble chloride in the titanium oxide particles according to the present invention is ordinarily not 

more than 100 ppm, preferably not more than 80 ppm, more preferably not more than 50 ppm, even more preferably 
not more than 30 ppm (calculated as CI). 

The pH value of the titanium oxide particles is not less than 8, ordinarily 8 to 12. If the pH value is less than 8, the 
magnetic particles containing iron as a main ingredient contained in the magnetic recording layer formed on the non- 
75 magnetic undercoat layer are gradually corroded, thereby causing the deterioration in the magnetic characteristics. In 
the consideration of the prevention of the corrosion of the magnetic particles containing iron as a main ingredient, the 
pH value is preferably 8.3 to 11, more preferably 8.5 to 10.5, even more preferably 8.8 to 10.5. 

In the titanium oxide particles of the present invention, a geometrical standard deviation which is an index of the 
degree of a particle size distribution based on the particle size (the major axial diameter in the case of rice-ball shaped 
20 or acicular particles), is not more than 1 .5. The smaller the geometrical standard deviation, the better the particle size 
distribution. If the geometrical standard deviation exceeds 1.5, the coarse particles existent in the titanium oxide par- 
ticles are apt to make a uniform dispersion into a binder resin difficult, so that it is difficult to produce a non-magnetic 
undercoat layer having a smooth surface from such titanium oxide particles. In the consideration of the dispersibility 
of the particles into a binder resin and the surface smoothness of a non-magnetic undercoat layer, the geometrical 
25 standard deviation is preferably not more than 1.48, more preferably not more than 1 .43. The lower limit of the geo- 
metrical standard deviation which is an index of the degree of the particle size distribution based on the particle size 
is ordinarily about 1.05, preferably about 1 .01 with the consideration of the industrial productivity. 

The titanium oxide particles according to the present invention are particles having a high degree of denseness, 
that is, such particles are easily packed into a non-magnetic under coat layer. If the degree of denseness is represented 
30 by °S BET /S TEM \ wherein S BET is represents a specific surface area measured by a BET method and S TEM is represents 
a surface area calculated from the average particle diameter measured from the particles in an electron microphoto- 
graph, the S BET /S TEM ratio of the titanium oxide particles of the present invention is ordinarily 0.5 to 3.0: 1. In the 
consideration of the dispersibility of the particles into a binder resin and the surface smoothness of a non-magnetic 
undercoat layer, the S BET /S TEM ratio is preferably 0.7 to 2.5 : 1 , more preferably 0.8 to 2.3 : 1. 
35 The surfaces of the titanium oxide particles of the present invention may be coated with at least one selected from 

the group consisting of a hydroxide of aluminum, an oxide of aluminum, a hydroxide of silicon and an oxide of silicon, 
if necessary, in order to enhance the affinity with a binder resin and improve the dispersibility when they are dispersed 
into the binder resin. 

The amount of coating compound is 0 to 50 wt%, preferably 0.01 to 50 wt% (calculated as Al); 0 to 50 wt%, 
40 preferably 0.01 to 50 wt% (calculated as Si0 2 ); or 0 to 50 wt%, preferably 0.01 to 50 wt% (calculated as the total sum 
of Al and Si0 2 ). If it is less than 0.01 wt%, the coating of the particles may hardly exert a dispersibility-improving effect. 
If the amount exceeds 50.00 wt%, the dispersibility-improving effect becomes saturated, so that it is meaningless to 
treat the particles more than necessary. From the point of view of dispersibility in a resin binder, the more preferable 
amount of coating compound is 0.05 to 20 wt%, even more preferably 0.05 to 13 wt% (calculated as Al, Si0 2 or the 
45 total sum of Al and Si0 2 ). 

The titanium oxide particles coated with the above-described coating compound have the average particle diam- 
eter, the content of soluble sodium salt content, the content of soluble sulfate and the pH value which are approximately 
the same as the titanium oxide particles before being coaled. This is because in the titanium oxide particles of the 
present invention before coating, the agglomerates are sufficiently separated into discrete particles, it is easy to remove 
50 the compound adsorbed to the particles such as Na and S0 4 as a by-product during the coating treatment, by washing 
it with water. 

From a similar reason, the particle size distribution, the degree of denseness and the content of soluble chloride 
in the titanium oxide particles coated with the above-described coating compound are approximately the same as in 
the titanium oxide particles before coating. 
55 The substrate according to the present invention will now be described 

The substrate of the present invention comprises a non-magnetic base film and a non-magnetic undercoat layer 
comprising non-magnetic particles and a binder resin, which is formed on the non-magnetic base film. The substrate 
has a thickness of ordinarily 2.2 to 310 um, preferably 2.5 to 60 ujti, more preferably 3.0 to 25 ujti. 
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As the non-magnetic base film, materials which are at present generally used lor the production of a magnetic 
recording medium are usable, for example, a synthetic resin film such as polyethylene terephthalate, polyethylene, 
polypropylene, polycarbonate, polyethylene naphthalate, polyamide, polyamideimide and polyimide: foil and sheet of 
a metal such as aluminum and stainless steel, etc.; and various kinds of paper. The thickness of the non-magnetic 

s base film varies depending upon the material, but it is ordinarily 1 .0 to 300 pm, preferably 2.0 to 200 urn In the case 
of a magnetic disc, polyethylene terephthalate is ordinarily used as the non-magnetic sup port, and the thickness 
thereof is ordinarily 50 to 300 um, preferably 60 to 200 um. In the case of a magnetic tape, polyethylene terephthalate 
having a thickness of ordinarily 3 to 100 um. preferably 4 to 20 pm, polyethylene naphthalate having a thickness of 
ordinarily 3 to 50 pm, preferably 4 to 20 pm, or polyamide having a thickness of ordinarily 1 to 10 um, preferably 3 to 

10 7 um is used. 

The non-magnetic undercoat layer contains titanium oxide particles as the non-magnetic particles and a binder 
resin. The film thickness of the non-magnetic undercoat layer is ordinarily 0.2 to 10.0 pm, preferably 0.5 to 5.0 um. If 
the thickness is less than 0.2 pm, not only may it be difficult to ameliorate the surface roughness of the non-magnetic 
base film but also the strength may be insufficient and it may be difficult to reduce the light transmittance. A thickness 
15 exceeding 10.0 pm is permissible, but a thickness of not more than 10:0 pm is preferable in order to reduce the thickness 
of a magnetic recording medium. 

As the binder resin in the non-magnetic undercoat layer, the resins which are generally used for the production of 
a magnetic recording medium are usable, for example, vinyl chloride-vinyl acetate copolymer, urethane resin, vinyl 
chloride-vinyl acetate-maleic acid copolymer, urethane elastomer, butadiene-acrylonitrile copolymer, polyvinyl butyral, 
20 cellulose derivative such as nilrocellulose : polyesler resin, synthetic rubber resin such as polybutadiene, epoxy resin, 
polyamide resin, polyisocyanate polymer, electron radiation curing acryl urethane resin and mixtures thereof. Each of 
these resin binders may have a polar group such as -OH, -COOH, -S0 3 M, -OP0 2 M 2 and -NH 2 , wherein M represents 
H,Na or K. 

The mixing ratio of the titanium oxide particles with the binder resin is ordinarily 5 to 2000 parts by weight, preferably 
25 100 to 1500 parts by weight, more preferably 350 to 1000 parts by weight based on 100 parts by weight of the binder 
resin. If the mixing ratio of the titanium oxide particles is less than 5 parts by weight based on 100 parts by weight of 
the binder resin, since the quantity of titanium oxide particles in the coating compound is too small, when a coating 
film is produced therefrom, it is difficult to obtain a layer with the titanium oxide particles uniformly dispersed, so that 
it is difficult to obtain the surface smoothness aimed at and the strength of the substrate cannot be said to be sufficient. 
30 On the other hand, if the mixing ratio of the titanium oxide particles exceeds 2000 parts by weight based on 100 parts 
by weight of the binder resin, since the quantity of titanium oxide particles is too large with respect to the binder resin, 
it is difficult to obtain a sufficient dispersibility of the titanium oxide particles in the non-magnetic coating compound, 
so that it is difficult to produce a coating film having a sufficient surface smoothness. In addition, since the titanium 
oxide particles are not adequately bound by the binder resin, the coating film obtained is apt to become frail. 
35 The non-magnetic undercoat layer may contain a lubricant, a polishing agent, an antistatic agent, etc. which are 

generally used for the production of a magnetic recording medium. 

The substrate of the present invention comprising a non-magnetic base film and a non-magnetic undercoat layer 
comprising the non-magnetic particles and the binder resin, which is formed on the non-magnetic base film, has a 
gloss of ordinarily 140 to 280 %, preferably 145 to 280 %, and a surface roughness Ra of ordinarily 1.0 to 15.0 nm, 
40 preferably 1.0 to 14.0 nm, more preferably 1.0 to 13.0 nm. The Young's modulus (relative value to a commercially 
available video tape: AV T-20 produced by Victor Company of Japan, Limited) of the coating film is ordinarily 105 to 
150, preferably 110 to 150. 

The magnetic recording medium according to the present invention will now be described. 
The magnetic recording medium according to the present invention comprises the substrate comprising the non- 
45 magnetic base film and the non-magnetic undercoat layer formed on the non-magnetic base film, and a magnetic 
recording layer formed on the non-magnetic undercoat layer. 

The magnetic recording layer in the magnetic recording medium of the present invention comprises magnetic 
particles containing iron as a main ingredient and a binder resin. The film thickness of the magnetic recording layer is 
ordinarily 0.01 to 3.0 pm, preferably 0.05 to 2.0 pm. If the film thickness is less than 0.01 pm, uniform coating may be 
50 difficult, so that unfavorable phenomenon such as an unevenness of the coated surface is observed. On the other 
hand, when the thickness exceeds 3.0 pm, it may be difficult to obtain desired electromagnetic transducing character- 
istics due to an influence of diamagnetism. 

The magnetic particles containing iron as a main ingredient used in the magnetic recording layer have an average 
major axial diameter of ordinarily 0.01 to 0.30 pm, preferably 0.01 to 0.20 pm, and an aspect ratio of ordinarily not less 
55 than 3 : 1, preferably not less than-5 : T. The upper-limit of the aspeci ratio is ordinarily 15 : 1, preferably 10: 1 with 
due consideration of the dispersibility in the binder resin. The shape of the magnetic particles containing iron as a main 
ingredient may have not only acicular but also spindle, rice-ball shaped or the like. 

The magnetic particles containing iron as a main ingredient (hereinafter refer to as "magnetic iron-based metal 
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particles") used in the present invention comprises iron and at least one selected from the group consisting of Co, Al, 
Ni, P, Si. Zn, Cu, B, Nd, La and Y. Further, the following magnetic iron-based metal particles are exemplified. 

1) Magnetic iron-based metal particles comprises iron; and Co of ordinarily 0.05 to 40 wt%, preferably 1.0 to 35 
s wt%, more preferably 3 to 30 wt% (calculated as Co) based on the weight of the magnetic iron-based metal particles. 

2) Magnetic iron-based metal particles comprises iron; and Al of ordinarily 0.05 to 10 wt%, preferably 0. 1 to 7 wt% 
(calculated as Al) based on the weight of the magnetic iron-based metal particles. 

3) Magnetic iron-based metal particles comprises iron; Co of ordinarily 0.05 to 40 wt%, preferably 1.0 to 35 wt%, 
, more preferably 3 to 30 wt% (calculated as Co) based on the weight of the magnetic iron-based metal particles; 

10 and Al of ordinarily 0.05 to 10 wt%, preferably 0.1 to 7 wt% (calculated as Al) based on the weight of the magnetic 

iron-based metal particles. 

• 4) Magnetic iron-based metal particles comprises iron; Co of ordinarily 0.05 to 40 wt%, preferably 1 .0 to 35 wt%, 

• more preferably 3 to 30 wt% (calculated as Co) based on the weight of the magnetic iron-based metal particles; 
and at least one selected from the group consisting of Nd, La and Y of ordinarily 0.05 to 10 wt%, preferably 0.1 to 

15 7 wt% (calculated as the corresponding element) based on the weight of the magnetic iron-based metal particles. 

5) Magnetic iron-based metal particles comprises iron; Al of ordinarily 0.05 to 10 wt%, preferably 0.1 to 7 wt% 
(calculated as Al) based on the weight of the magnetic iron-based metal particles; and at least one selected from 
the group consisting of Nd, La and Y of ordinarily 0.05 to 10 wt%, preferably 0.1 to 7 wt% (calculated as the 
corresponding element) based on the weight of the magnetic iron-based metal particles. 

20 6) Magnetic iron-based metal particles comprises iron; Co of ordinarily 0.05 to 40 wt%, preferably 1.0 to 35 wt%, 

more preferably 3 to 30 wt% (calculated as Co) based on the weight of the magnetic iron-based metal particles; 
Al of ordinarily 0.05 to 1 0 wt%, preferably 0. 1 to 7 wt% (calculated as Al) based on the weight of the magnetic iron- 
based metal particles; and at least one selected from the group consisting of Nd, La and Y of ordinarily 0.05 to 10 
wt%, preferably 0.1 to 7 wt% (calculated as the corresponding element) based on the weight of the magnetic iron- 

25 based metal particles. 

7) Magnetic iron-based metal particles comprises iron; Co of ordinarily 0.05 to 40 wt%, preferably 1.0 to 35 wt%, 
more preferably 3 to 30 wt% (calculated as Co) based on the weight of the magnetic iron-based metal particles; 
and at least one selected from the group consisting of Ni, P, Si, Zn, Cu and B of ordinarily 0.05 to 1 0 wt% : preferably 
0.1 to 7 wt% (calculated as the corresponding element) based on the weight of the magnetic iron-based metal 

30 particles. 

8) Magnetic iron-based metal particles comprises iron; Al of ordinarily 0.05 to 10 wt%, preferably 0.1 to 7 wt% 
>:. (calculated as Al) based on the weight of the magnetic iron-based metal particles; and at least one selected from 

the group consisting of Ni, P, Si, Zn, Cu and B of ordinarily 0.05 to 10 wt%, preferably 0.1 to 7 wt% (calculated as 
. the corresponding element) based on the weight of the magnetic iron-based metal particles. 

35 g) Magnetic iron-based metal particles comprises iron; Co of ordinarily 0.05 to 40 wt%, preferably 1 .0to 35 wt%, 

more preferably 3 to 30 wt% (calculated as Co) based on the weight of the magnetic iron-based metal particles; 
Al of ordinarily 0.05 to 10 wt%, preferably 0. 1 to 7 wt% (calculated as Al) based on the weight of the magnetic iron- 
based metal particles; and at least one selected from the group consisting of Ni, P, Si, Zn, Cu and B of ordinarily 
0.05 to 10 wt%, preferably 0.1 to 7 wt% (calculated as the corresponding element) based on the weight of the 

^0 magnetic iron-based metal particles. 

10) Magnetic iron-based metal particles comprises iron; Co of ordinarily 0.05 to 40 wt%, preferably 1 .0to35 wt%, 
more preferably 3 to 30 wt% (calculated as Co) based on the weight of the magnetic iron-based metal particles; 
at least one selected from the group consisting of Nd, La and Y of ordinarily 0.05 to 10 wt%, preferably 0.1 to 7 
wt% (calculated as the corresponding element) based on the weight ol the magnetic iron-based metal particles; 

45 and at least one selected from the group consisting of Ni, P, Si, Zn, Cu and B of ordinarily 0.05 to 1 0 wt% : preferably 

0.1 to 7 wt% (calculated as the corresponding element) based on the weight of the magnetic iron-based metal 
particles. 

11) Magnetic iron-based metal particles comprises iron; Al of ordinarily 0.05 to 10 wt%, preferably 0.1 to 7 wl% 
(calculated as Al) based on the weight of the magnetic iron-based metal particles; at least one selected from the 

50 group consisting of Nd, La and Y of ordinarily 0.05 to 10 wt%, preferably 0.1 to 7 wt% (calculated as the corre- 

sponding element) based on the weight of the magnetic iron-based metal particles; and at least one selected from 
the group consisting of Ni, P, Si, Zn, Cu and B of ordinarily 0.05 to 10 wt%, preferably 0.1 to 7 wt% (calculated as 
the corresponding element) based on the weight of the magnetic iron-based metal particles. 

12) Magnetic iron-based metal particles comprises iron; Co of ordinarily 0.05 to 40 wt%, preferably 1 .0 to 35 wt%, 
5S more preferably" 3 tb~30 wt%~(calculated as~Cd)"basecl oh the" weight "of tfo~ magnetic irorT-based "metaTparticies; 

Al of ordinarily 0.05 to 1 0 wt%, preferably 0. 1 to 7 wt% (calculated as Al) based on the weight of the magnetic iron- 
based metal particles; at least one selected from the group consisting of Nd, La and Y of ordinarily 0.05 to 10 wt%, 
preferably 0.1 to 7 wt% (calculated as the corresponding element) based on the weight of the magnetic iron-based 
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metal particles; and at least one selected from the group consisting of Ni, P, Si, Zn, Cu and B of ordinarily 0.05 to 
10 wt%, preferably 0.1 to 7 wt% (calculated as the corresponding element) based on Ihe weight of the magnetic 
iron-based metal particles. 

s The iron content in the particles is the balance, and is preferably 50 to 99.9 wt%, more preferably 60 to 95 wt% 

(calculated as Fe) based on the weight of the magnetic iron-based metal particles. 

The magnetic iron-based metal particles comprising (i) iron, cobalt and Al, or (ii) iron, cobalt, Al and at least one 
rare-earth metal such as Nd, La and Y is preferable from the point of the durability of the magnetic recording medium. 
Further, the magnetic iron-based metal particles comprising iron, cobalt and Al is more preferable. 
10 With respect to the existing position of aluminum, it may be contained only in the core and inside portions, or in 

the surface portion of the magnetic iron-based metal particles. Alternatively, aluminum may be approximately uniformly 
contained in the magnetic iron-based metal particles from the core portion to the surface. An aluminum-coating layer 
may be formed on the surfaces of the particles. In addition, any of these positions may be combined. In the consideration 
of the effect of improving the surface characteristics of the magnetic recording layer or the durability of the magnetic 
is recording medium, magnetic iron-based metal particles uniformly containing aluminum from the core portion to the 
surface and coated with an aluminum-coating layer are more preferable. 

When the content of aluminum is less than 0.05 wt% (calculated as Al), the adsorption of the magnetic iron-based 
metal particles to the resin in the vehicle may not be said sufficient, so that it is difficult to produce a magnetic recording 
layer or a magnetic recording medium having a high durability. When the content of aluminum exceeds 10 wt%, the 
20 effect of improving the durability of the magnetic recording layer or the magnetic recording medium is observed, but 
the effect is saturated and it is meaningless to add aluminum more than necessary. Further more, the magnetic char- 
acteristics of the magnetic iron-based metal particles are sometimes deteriorated due to an increase in the aluminum 
as a non-magnetic component. 

It is more preferable to produce a magnetic recording medium of the present invention using the magnetic iron- 
25 based metal particles containing Al and a rare-earth metal such as Nd, LA and Y therein, because the magnetic re- 
cording layer or magnetic recording medium produced is apt to have a more excellent durability. Especially, magnetic 
iron-based metal particles containing Al and Nd therein are the even more preferable. 

As to the magnetic characteristics of the magnetic iron-based metal particles used in the present invention, the 
coercive force is preferably 1200 to 3200 Oe, more preferably 1500 to 3000 Oe, and the saturation magnetization as 
30 is preferably 100 to 170 emu/g, more preferably 130 to 170 emu/g with due consideration of the properties such as 
high-density recording. 

As the binder resin in the magnetic recording layer, the binder resin used for the non-magnetic undercoat layer is 
also usable. 

The mixing ratio of the magnetic iron-based metal particles with the binder resin in the magnetic recording layer 

35 is ordinarily 200 to 2000 parts by weight, preferably 300 to 1500 parts by weight, more preferably 350 to 1000 parts 
by weight based on 100 parts by weight of the binder resin. If the mixing ratio of the magnetic iron-based metal particles 
is less than 200 parts by weight, since the quantity of magnetic iron-based metal particles in the magnetic layer is too 
small, it is difficult to obtain the residual magnetic flux density necessary for high-density recording. 

On the other hand, if the mixing ratio of the magnetic iron-based metal particles exceeds 2000 parts by weight, 

40 since the quantity of binder resin is too small with respect to the magnetic iron-based metal particles, it is difficult to 
obtain a sufficient dispersibility, so that the surface smoothness of the magnetic recording layer becomes insufficient. 
In addition, since the magnetic iron-based metal particles are not adequately bound by the binder resin, the coating 
film obtained is apt to be very frail. 

The magnetic recording layer may contain a lubricant, a polishing agent, an antistatic agent, etc. which are generally 

45 used for the production of a magnetic recording medium. 

The magnetic recording medium according to the present invention has a coercive force of ordinarily 900 to 3500 
Oe, preferably 1 000 to 3500 Oe, more preferably 1 500 to 3500 Oe; a squareness (residual magnetic flux (Br/saturation 
magnetic Mux density (Bm)) of ordinarily 0.85 to 0.95, preferably 0.86 to 0.95. The gloss of the surface of Ihe coaling 
film is ordinarily 180 to 300%, preferably 190 to 300%, the surface roughness Ra of the coating film is ordinarily not 

so more than 15.0 nm, preferably 2.0 to 12.0 nm, more preferably 3.0 to 10.0 nm, the linear adsorption coefficient is 
ordinarily 1 . 1 5 to 2.00 prrr 1 , preferably 1 .20 to 2.00 u.m~ 1 , the Young's modulus (relative value to a commercially avail- 
able video tape: AV T-120 produced by Victor Company of Japan, Limited) of the coating film is ordinarily 110 to 150, 
preferably 115 to 150, the corrosiveness represented by a rate of change (%) in the coercive force is ordinarily not 
more than 10.0 %, preferably not more than 9.5 %, more preferably not more than 9.0 %, and the corrosiveness 

55 represented by a rate of change in the saturation magnetic flux density (Bm)Ts ordinarily riot more tharf i'O'.O %, pref- 
erably not more than 9.5 %. As to the durability, the running durability is ordinarily not less than 10 minutes, preferably 
not less than 15 minutes, more preferably not less than 22 minutes, and the scratch resistance is usually A or B, 
preferably A when evaluated into 4 ranks: A, B, C and D. 
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The process for producing the titanium oxide particles according to the present invention will now be described. 

As the starting material for the titanium oxide particles of the present invention, commercially available titanium 
oxide particles may be used, and a titanium oxide particles obtained by either a sulfuric acid method or a chlorine 
method are also usable. 

s In the sulfuric acid method, iron sulfate is crystallized and separated from the sulfate of Ti and Fe obtained by the 

reaction of an ilmenite ore and concentrated sulfuric acid, and after the remaining titanyl sulfate is filtered and purified, 
the precipitate of titanium oxide hydroxide is obtained by hydrolysis. After the titanium oxide hydroxide is filtered out 
and washed, a particle size regulator, an agent for accelerating or regulating the transfer of the titanium oxide to rutile 
titanium oxide, a crystallization stabilizer, a sintering preventive agent, etc. are added and mixed, and the resultant 

10 mixture is heat-treated at 700 to 1100°C so as to obtain crude titanium oxide. The crude titanium oxide is then wished 
with water for purification to obtain titanium oxide. 

In the chlorine method, the gas of the chlorides of Ti, Fe : etc. obtained by reacting a natural rutile ore or a synthe- 
sized rutile ore obtained by treating an ilmenite ore with chlorine gas in the state of reduction at a high temperature, is 
cooled to obtain a solidified iron chloride and liquefied titanium tetrachloride. The liquid titanium tetrachloride after the 

15 separation of the iron chloride is purified by rectification, a crystallization stabilizer is added thereto and the resultant 
mixture is preheated to about 1000°C. The preheated mixture is charged into an oxidization furnace and oxygen pre- 
heated to the same temperature is jetted into the oxidization furnace for carrying out oxidization reaction so as to obtain 
crude titanium oxide particles. The crude titanium oxide particles are then washed with water for purification to obtain 
titanium oxide particles. 

20 The crude titanium oxide particles produced by the sulfuric acid method have an average particle size of ordinarily 

about 0.04 to 0.3 \im and a BET specific surface area of ordinarily 7 to 230 m 2 /g, and contain ordinarily about 500 to 
3000 ppm of soluble sodium salt (calculated as Na) and ordinarily about 1 000 to 2000 ppm of soluble sulfate (calculated 
as S0 4 ). The pH value of the particles is ordinarily about 3 to 6. The particle size distribution based on the particle size 
in the geometrical standard deviation is ordinarily not less than 1.51. 

25 The crude titanium oxide particles produced by the chlorine method have an average particle size of ordinarily 

about 0.04 to 0.3 um and a BET specific surface area of ordinarily 7 to 230 m 2 /g, and contain ordinarily about 500 to 
3000 ppm of soluble sodium salt (calculated as Na), ordinarily about 500 to 1000 ppm of soluble sulfate (calculated 
as S0 4 ) and ordinarily about 100 to 1000 ppm of soluble chloride (calculated as CI). The pH value of the particles is 
ordinarily about 3 to 6. The particle size distribution based on the particle size in the geometrical standard deviation is 

30 ordinarily not less than 1 .51 . 

The titanium oxide particles obtained by washing the crude titanium oxide particles produced by the sulfuric acid 
method or by the chlorine method, with water and purifying them, have an average particle size of ordinarily about 0.04 
to.0.3 u.m and a BET specific surface area of ordinarily 7 to 230 m 2 /g, and contain ordinarily about 250 to 460 ppm of 
soluble sodium salt (calculated as Na), ordinarily about 260 to 360 ppm of soluble sulfate (calculated as S0 4 ) and 

35 ordinarily about 100 to 500 ppm of soluble chloride (calculated as CI). The pH value of the particles is ordinarily not 
more than 7.9. The particle diameter distribution based on the particle size in the geometrical standard deviation is 
ordinarily not less than 1 .51 . 

The titanium oxide particles according to the present invention are produced by using commercially available 
titanium oxide particles having an average particle size of 0.04 to 0.3 u.m and a BET specific surface area of 7 to 230 

40 m 2 /g as a starting material, roughly pulverizing the commercially available titanium oxide particles by a dry process so 
as to loosen the agglomerates, forming the particles into a slurry, and further loosening the coarse particles by wet 
pulverization. In the wet pulverization, a ball mill, a sand grinder or the like is used so that the percentage of the coarse 
particles having a particle size of not less than 44 u.m is not more than 10 wt%, preferably not more than 5 wt%, more 
preferably 0 wt% based on the weight of the total amount of the titanium oxide particles. If more than 1 0 wt% of coarse 

45 particles having a particle size of not less than 44 u.m are existing, it is difficult to obtain an effect of treating the particles 
in an aqueous alkali solution at the next step. 

An aqueous alkali solution such as sodium hydroxide is added to the slurry containing the titanium oxide particles 
in which coarse particles are removed therefrom so as to adjust the pH value at room temperature to not less than 13, 
and then heat-treated at a temperature of not lower than 80° C. 

50 The concentration of the alkaline suspension containing titanium oxide particles and having a pH value of not less 

than 13 is preferably 50 to 250 g/liter. 

If the pH value of the alkaline suspension containing titanium oxide particles is less than 1 3, it is difficult to effectively 
remove the crosslinked solid material caused by the particle size regulator, the agent for accelerating or regulating the 
transfer of the titanium oxide to rutile titanium oxide, the crystallization stabilizer, the sintering preventive agent, etc. 

55 which exist on the surfaces of --the-tftanium oxide particles, so thai ii is difficult to wash out the soluble sodium slat, 
soluble sulfate, etc. which exist within and on the surfaces of the particles. The upper limit of the pH value is 14. In the 
consideration of the effect of removing the crosslinked solid material caused by the particle size regulator, the agent 
for accelerating or regulating the transfer of the titanium oxide to rutile titanium oxide, the crystallization stabilizer, the 
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sintering preventive agent, etc. which exist on the surfaces of the titanium oxide particles, the effect of washing out the 
soluble sodium slat, soluble sulfate and if necessary, soluble chloride, and the effect of removing the alkali which 
adheres to the surfaces of the titanium oxide particles in the process of the above-mentioned alkali treatment with the 
aqueous alkali solution, the preferable pH value is in the range of 13.1 to 13.8. 

5 The heating temperature of the alkaline suspension is preferably 80 to 103°C, more preferably 90 to 100°C. If the 

temperature is lower than 80°C, it may be difficult to effectively remove the crosslinked solid material caused by the 
particle size regulator, the agent for accelerating or regulating the transfer ol the titanium oxide to rutile titanium oxide, 
the crystallization stabilizer, the sintering preventive agent, etc. which exist on the surfaces of the titanium oxide par- 
ticles. If the heating temperature exceeds 103°C, although it is possible to effectively remove the crosslinked solid 

io material, since an autoclave or the like is necessary and the treated solution boils under a normal pressure, it is not 
advantageous from the point of view of industry and economy. 

The time for heating the alkaline suspension is preferably not less than 30 minutes, more preferably not less than 
60 minutes, even more preferably not less than 120 minutes. The upper limit of the heating time is preferably about 6 
hours. If the heating time is less than 30 minutes, it may be difficult to obtain an effect aimed at by the present invention. 

is Even if the heating time exceeds 6 hours, the effect aimed at by the present invention is obtained, but the effect is 
saturated. 

The titanium oxide particles heat-treated in the aqueous alkali solution are thereafter filtered out and washed with 
water by an ordinary method so as to remove the soluble sodium salt and soluble sulfate which are washed out of the 
insides and the surfaces of the particles, and the alkali which is adhered to the surfaces of the titanium oxide particles 
20 jn the process of treatment with the aqueous alkali solution, and then dried. 

As the washing method of the particles with water, a method generally industrially used such as a decantation 
method, a dilution method using a filter thickener and a method of passing water into a filter press is adopted. 

The titanium oxide particles may be then coated with at least one selected from the group consisting of a hydroxide 
of aluminum, an oxide of aluminum, a hydroxide of silicon and an oxide of silicon. 
25 in order to coat the titanium oxide particles, after the alkaline suspension containing the titanium oxide particles 

is heat-treated, they are filtered out and washed with water by an ordinary method, and re-dispersed in an aqueous 
solution to obtain a suspension. An aluminum compound, a silicon compound, or both aluminum and silicon compounds 
are added to the suspension, and the pH value is adjusted to coat the titanium oxide particles with at least one selected 
from the group consisting of a hydroxide of aluminum, an oxide of aluminum, a hydroxide of silicon and an oxide of 
30 silicon. The titanium oxide particles are then filtered out, washed with water, dried and pulverized. They may be further 
deaerated and compact-treated, if necessary. 

As the aluminum compound, aluminum salts such as aluminum acetate, aluminum sulfate, aluminum chloride and 
aluminum borate; alkali aluminate such as soda aluminate; a hydroxide of aluminum; an oxide of aluminum; and alu- 
minum sol are usable. 

35 The amount of aluminum compound added is 0 to 50.00 wt%, ordinarily 0.01 to 50.00 wt% (calculated as Al) based 

on the weight of the titanium oxide particles. If the amount exceeds 50.00 wt%, since the effect of improving the dis- 
persibility becomes saturated, addition of an aluminum compound more than necessary is meaningless. 

As the silicon compound, silicates such as sodium orthosilicate, sodium metasilicate and potassium silicate; a 
hydroxide of silicon; an oxide of silicon; water glass 3 and colloidal silica are usable. 

40 The amount of silicon compound added is 0 to 50.00 wt%, ordinarily 0.01 to 50.00 wt% (calculated as Si0 2 ) based 

on the weight of the titanium oxide particles. If the amount exceeds 50.00 wt%, since the effect of improving the dis- 
persibility becomes saturated, addition of an aluminum compound more than necessary is meaningless. 

When both an aluminum compound and a silicon compound are used, the total amount thereof used is 0 to 50.00 
wt%, preferably 0.01 to 50.00 wt% (calculated^as Al and Si0 2 ) based on the weight of the titanium oxide particles. 

45 in case where the soluble sodium salt, soluble sulfate and, if necessary, soluble chloride contained in the titanium 

oxide particles are washed out with water, when the particle surfaces are, thereafter, coated with at least one selected 
from the group consisting of hydroxide of aluminum, an oxide of aluminum, a hydroxide of silicon and an oxide of 
silicon, even if soluble sodium salt or soluble sulfate is adhered, it is easy to remove it by washing it with water. 
The process for producing the substrate will now be described. 

50 a non-magnetic undercoat layer is produced by applying a non-magnetic coating composition comprising the non- 

magnetic particles, the binder resin and a solvent onto a non-magnetic base film and drying the applied composition. 

As the solvent in the non-magnetic coating composition, methyl ethyl ketone, toluene, cyclohexanone, methyl- 
isobutyl ketone, tetrahydrof uran, etc. which are generally used for the production of a magnetic recording medium, are 
usable. 

55 The mixing raiio of ihe soiveni in the non-magnetic coating composition is preferably 50 to 95 parts by weight 

based on 100 parts by weight of the non-magnetic coating composition. 

The process for producing the magnetic recording medium will now be described. 

A magnetic recording layer is produced by applying a magnetic coating composition comprising the magnetic iron- 
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based metal particles, the binder resin and a solvent on the non-magnetic undercoat layer and drying the applied 
composition. 

As the solvent in the magnetic coating composition, the same solvent used for the non-magnetic coating compo- 
sition is usable. 

s The mixing ratio of the solvent in the magnetic coating composition is preferably 50 to 95 parts by weight based 

on 100 parts by weight of the magnetic coating composition. 

It is essential in the present invention that when the titanium oxide particles showing an excellent dispersibility in 
the binder resin, containing not more than 230 ppm o1 soluble sodium salt (calculated as Na) and not more than 150 
ppm of soluble sulfate (calculated as S0 4 ), and having a pH value of not less than 8 are used as the non-magnetic 

io particles for a non-magnetic undercoat layer, it is possible to enhance the surface smoothness and the strength of the 
non-magnetic undercoat layer owing to the excellent dispersibility of the particles in the binder resin, and that when a 
magnetic recording layer is formed on the non-magnetic undercoat layer, it is possible to reduce the light transmittance 
of the magnetic recording layer, thereby forming a smooth and uniform thin film : and suppressing a deterioration in the 
magnetic characteristics caused by the corrosion of the magnetic iron-based metal particles which are dispersed in 

15 the magnetic recording layer. 

The reason why the surface smoothness of the non-magnetic undercoat layer and the strength of the substrate 
are enhanced, is considered as follows. Since it is possible to sufficiently remove the soluble sodium salt and the 
soluble sulfate, which agglomerate the titanium oxide particles by firm crosslinking, by washing the particles with water, 
the agglomerates are loosened into substantially discrete particles, so that titanium oxide particles having an excellent 

20 dispersion in the vehicle are obtained. 

This fact will be explained in the following. 

Crude titanium oxide particles ordinarily form firm agglomerates due to the process for production the same. 

The titanium oxide particles produced by the sulfuric acid method will first be explained. The titanium oxide hy- 
droxide particles produced as an intermediate product by the sulfuric acid method contain a large amount of sulfate 
25 [S0 4 ~] derived from concentrated sulfuric acid used as an auxiliary raw material, and also contain a metal salt such 
as Na derived from the material ore. These sulfate and metal salt are contained in the particles in the form of slightly 
soluble sulfates, so that it is impossible to remove these salts by washing with water by an ordinary method. 

These slightly soluble sulfates are changed to a soluble sodium salt and a soluble sulfate in the subsequent heat- 
treatment step for producing crude titanium oxide particles. The soluble sodium salt and soluble sulfate are firmly 
30 bonded in the insides or the surfaces of the titanium oxide particles by a sintering preventive agent, which is essential 
for preventing the deformation of the shapes of the particles and sintering between particles in the heat -treatment at 
a high temperature such as about 900°C, so that agglomeration between the titanium oxide particles becomes more 
firmer. 

As a result, the soluble sulfate and the soluble sodium salt, especially, confined in the insides of the particles or 
35 the agglomerates become very difficult to remove by an ordinary water-washing method. 

Furthermore, the titanium oxide particles contain a soluble chloride as well as the above-described soluble sulfate 
and soluble sodium salt. 

When titanium oxide particles having a rutile crystal structure are produced, a seed containing HCI for accelerating 
the transfer to a rutile is added as well as a salt such as Li, Mg, Zn and Al as a rutile crystallization stabilizer before 
40 the heat-treatment step, so that a chloride is apt to remain in addition to the above-described slightly soluble sulfates. 

The titanium oxide particles produced by the chlorine method will now be explained. In the chlorine method, a 
synthetic rutile ore is used as a raw material ore. The synthetic rutile is obtained by adding coke to an ilmenite ore, 
reducing Fe 2 0 3 to FeO at a temperature of 900°C : magnetically separating FeO, adding sulfate thereto, filtering out 
and separating the impurities such as iron, and heat-treating the remaining titanium oxide. Therefore, the thus-obtained 
45 titanium oxide particles inevitably contain sulfate. 

The titanium tetrachloride solution produced as an intermediate product containing a large amount of sulfate also 
contain a large amount of chloride produced by the reaction of chlorine gas used as an auxiliary raw material with a 
metal salt such as Na contained in a raw material ore such as a natural rutile ore or a synthetic rutile ore. It is impossible 
to completely remove such a sulfate and chloride from the titanium tetrachloride solution by centrifugal separation or 
50 rectification. Especially, there remains vanadium oxychloride, which has a boiling point approximate to that of titanium 
tetrachloride. 

These sulfate and chloride contained in the titanium tetrachloride solution are firmly bonded in the insides or the 
surfaces of the titanium oxide particles by a crystallization stabilizer and a sintering preventive agent which are added 
before the oxidization step and which are crosslinking the titanium oxide particles, so that the agglomeration between 
" the titaniuni oxide particles is further increased. 

It is considered that although soluble sodium salt and soluble sulfate are firmly bonded in the insides or the surfaces 
of the crude titanium oxide particles by means of a sintering preventive agent or a regulator, as described above, when 
the crude titanium oxide particles are pulverized by a wet-process so as to loosen the coarse particles, the pH value 
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of the resultant slurry is adjusted to not less than 13 and the slurry is heat-treated at a temperature of not lower then 
80°C, the aqueous alkaline solution sufficiently permeates into the titanium oxide particles, and as a result, the binding 
power of the sintering preventive agent, rutile crystallization stabilizer, the seed for accelerating the transfer to a rutile, 
etc. , which are firmly bonded with the surfaces and the insides of the particles and the insides of the agglomerates, 

s become gradually weak, and they are dissociated from the insides or the surfaces of the particles or the insides of the 
agglomerates. At the same time, the water-soluble sodium salt, the water-soluble sulfate and further, the water-soluble 
chloride are also easily removed by washing the particles with water. 

It is considered that a deterioration in the magnetic iron-based metal particles which are dispersed in the magnetic 
recording layer is suppressed, because the content of water-soluble ingredients such as the soluble sodium salt and 

io the soluble sulfate which accelerate the corrosion of a metal, is small in the titanium oxide particles and also because 
the pH value of the titanium oxide particles themselves is as high as not less than 8. 

Actually, it is confirmed that a progress of corrosion of magnetic iron-based metal particles is suppressed by a 
synergistic effect of a small content of water-soluble ingredients and a pH value of not less than 8, from the fact that 
the above-mentioned advantages are not attained in any of the cases of (1 ) heat-treating the titanium oxide particles 

15 after wet pulverization in an aqueous alkali solution having a pH value of less than 13 at a temperature of not lower 
than 80°C, (2) heat-treating the titanium oxide particles after wet pulverization in an aqueous alkali solution having a 
pH value of not less than 13 at a temperature of lower than 80°C, or (3) heat-treating the titanium oxide particles 
containing coarse particles without being pulverized by a wet process in an aqueous alkali solution having a pH value 
of not less than 13 at a temperature of not lower than 80°C, as shown in later-described examples and comparative 

20 examples. 

In the titanium oxide particles for a non-magnetic undercoat layer according to the present invention, since it is 
possible to sufficiently remove the soluble sodium salt and the soluble sulfate, which agglomerate the titanium oxide 
particles by firmly crosslinking, by washing the particles with water, as shown in later-described examples, the agglom- 
erates are loosened into substantially discrete particles. Consequently, the titanium oxide particles have an excellent 

25 dispersion in the binder resin, so that it is possible to produce a non-magnetic undercoat layer having a smooth surface. 
That is, the titanium oxide particles of the present invention are suitable as non-magnetic particles for a non-magnetic 
undercoat layer of a magnetic recording medium. 

The magnetic recording medium according to the present invention is produced from the above-described titanium 
oxide particles as the non-magnetic particles for a non-magnetic undercoat layer. The substrate, therefore, has a uni- 

30 form thin layer having a smooth surface. In addition, owing to a small content of soluble sodium sulfate and soluble 
sulfate in the titanium oxide particles and a pH value of not less than 8, it is possible to suppress a deterioration in the 
magnetic characteristics caused by the corrosion of the magnetic iron-based metal particles in the magnetic recording 
layer so that it is possible to maintain the properties as a magnetic recording medium for a long period. 

The reason why the durability of the magnetic recording medium is enhanced is not obvious yet, but it is considered 

35 to be because the use of magnetic iron-based metal particles containing aluminum as the magnetic particles enhances 
the adsorption strength of the magnetic iron-based metal particles to the binder resin in the vehicle, so that the syner- 
gistic effect of the firm retaintion of the magnetic particles held in the magnetic recording layer and the enhanced degree 
of adhesion of the magnetic recording layer itself to the non-magnetic undercoat layer is produced. 



40 EXAMPLES 



The present invention will now be described in more detail with reference to the following examples and comparative 
examples, but the present invention is not restricted to those examples and various modifications are possible within 
the scope of the invention. 

45 

(1 ) The residue on sieve was obtained by measuring the concentration of the slurry after pulverization by a wet- 
process in advance, and determining the quantity of the solid content on the sieve remaining after the slurry equiv- 
alent to 1 00 g of the solid content was passed through the sieve of 325 meshes (mesh size: 44 pm). 

so (2) The average particle diameter of the granular titanium oxide particles, and the average major axial diameter 

and the average minor axial diameter of the acicular or rice-ball shaped titanium oxide particles are expressed by 
the average values of 350 particles measured in the photograph obtained by magnifying an electron micrograph 
(x 30000) at 4 times in the vertical and horizontal directions, respectively. 

The aspect ratio is the ratio of the average major axial diameter and the average minor axial diameter. 

55 

(3) The specific surface area is expressed by the value measured by a BET method. 

(4) The contents of soluble sodium salt and soluble sulfate were obtained by measuring the Na content and S0 4 2 " 
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content in the filtrate obtained by filtering the supernatant liquid produced for the measurement of pH value which 
will be described later, through filter paper No. 5C, by using an Inductively Coupled Plasma Emission Spectropho- 
tometer SPS 4000 (manufactured by Seiko Instruments and Electronics, Ltd.). 

5 (5) The content of soluble chloride was obtained by measuring the CI" content in the same filtrate as in the above- 

mentioned (4) by nephelometry method. 

(6) The pH value of the particles was measured in the following manner. 5g of the sample was weighed into a 
>300-ml triangle flask, and 100 ml of pure water was added thereto. The suspension was heated and boiled for 

10 . about 5 minutes, and then it was corked and left to cool to an ordinary temperature. After adding pure water which 

was equivalent to the pure water lost by boiling, the flask was corked again, shaken for 1 minute, and left to stand 
for 5 minutes. The pH value of the supernatant obtained was measured in accordance JIS Z 8802-7. 

(7) The Al content and the SiO? content existent in the titanium oxide particles were measured from fluorescent 
15 X-ray analysis. 

(8) The geometrical standard deviation (o g ) of the particle diameter of the granular titanium oxide particles, or the 
major axial diameter of the acicular or rice-ball shaped titanium oxide particles was obtained in the following man- 
ner. The particle diameters or major axial diameters were measured from the enlarged photograph in the above- 

20 mentioned (2), and the actual particle diameters or major axial diameters and the number of panicles were calcu- 

lated on the basis of the measured values. On logarithmico-normal probability paper, the particle diameters or 
major axial diameters were plotted at regular intervals on the abscissa-axis and the accumulative number of par- 
ticles belonging to each interval of the particle diameters or major axial diameters was plotted by percentage on 
the ordinate-axis by a statistical technique. The particle diameters or major axial diameters corresponding to the 

25 number of particles of 50% and 84.13%, respectively, were read from the graph, and the geometrical standard 

deviation (a g ) was measured from the following formula: 



30 



35 



40 



45 



Geometrical standard deviation (o g ) = {Particle 
diameter or major axial diameter (jam) 
(geometrical average diameter) 
corresponding to the number of particles 

of 84.1 3 % under integration 
sieve}/{Particle diameter or major axial 
diameter (jam) (geometrical average 
diameter) corresponding to the number of 
particles of 50% under integration sieve} 



The smaller the geometrical standard deviation, the more excellent the particle size distribution of the major 
axial diameters of the particles. 

so (9) The degree of denseness of the titanium oxide particles is represented by S BET /S TEM as described above. 

S BET represents a specific surface area measured by the above-described BET method. When the particles 
are granular, S TEM represents a value calculated from the average particle diameter d cm measured from the 
electron microphotograph described in the above-mentioned (2) on the assumption that the particles are spherical 
in accordance with the following formula: 



55 



s tem (m 2 /g) = {6/(dxp )}X10" 4 
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wherein pp represents a true specific gravity of the titanium oxide particles, and 3.4 g/cm 3 was used. 

When the shape of the particles were acicular or rice-ball shaped, S TEM was calculated from the average 
major axial diameter (o cm) and the average minor axial diameter (w cm) measured from the electron microphoto- 
graph described in the above-mentioned (2) on the assumption that a particle is a rectangular parallelepiped in 
accordance with the following formula: 



wherein pp represents the true specific gravity of the titanium oxide particles, and 3.4 g/cm 3 was used. 
Since S TEM is a specific surface area of a particle having a smooth surface without any dehydration pore within 
or on the surface thereof, the closer S BET /S TEM of particles is to 1, it means, the smoother surface the titanium 
oxide particles have without any dehydration pore within or on the surface thereof, in other words, the particles 
are high-density particles 

(10) The viscosity of the coating composition was obtained by measuring the viscosity of the coating composition 
at 25°C at a shear rate D of 1 .92 sec -1 by using an E-type viscometer (cone plate type viscometer) EMD-R (man- 
ufactured by Tokyo Keiki, Co., Ltd.). When the particle diameters of the titanium oxide particles are about the same, 
the smaller the viscosity of the coating composition, the more excellent the dispersibility of the titanium oxide 
particles. 

(11) The gloss of the surface of the coating film of the non-magnetic undercoat layer or the magnetic recording 
layer was measured at 45° by "Glossmeter UGV-5D" (manufactured by Suga Shikenki, Co., Ltd.). The higher the 
gloss, the more excellent the dispersibility of the titanium oxide particles. 

(12) The surface roughness Ra of the coating film surface of the non-magnetic undercoat layer or the magnetic 
recording layer was obtained by measuring the center-line average roughness of the coating film by using 
M Surfcom575A" (manufactured by Tokyo Seimitsu Co., Ltd.). The lower the value Ra, the more excellent the dis- 
persibility of the titanium oxide particles. 

(1 3) The strength of the coating film was obtained by measuring the Young's modulus of the coating film by using 
"Autograph" (manufactured by Shimazu Seisakusho, Ltd.). The Young's modulus is represented by the relative 
value with that of a commercially available video tape "AV T-120 (produced by Victor Company of Japan, Limited) 
". The higher the relative value, the higher the strength of the coating film. 

(1 4) The thickness of each of non-magnetic base film : the non-magnetic undercoat layer and the magnetic record- 
ing layer constituting the magnetic recording medium was measured in the following manner by using a Digital 
Electronic Micrometer K351C (manufactured by Anritsu Corp.). 

The thickness (A) of a non-magnetic base film was first measured. Similarly, the thickness (B = the sum of the 
thicknesses of the non-magnetic base film and the non-magnetic undercoat layer) of a substrate obtained by 
forming a non-magnetic undercoat layer on the non-magnetic base film was measured. Furthermore, the thickness 
(C = the sum of the thickness of the non-magnetic base film, the non-magnetic undercoat layer and the magnetic 
recording layer) of a magnetic recording medium obtained by forming a magnetic recording layer on the non- 
magnetic undercoat layer was measured. The thickness of the non-magnetic undercoat layer is expressed by B - 
A, and the thickness of the magnetic recording layer is expressed by C - B. 

(15) The magnetic characteristics of the magnetic iron-based metal particles and the magnetic recording medium 
were measured under an external magnetic field of 1 0 kOe by "Vibration Sample Magnetometer VSM-3S-1 5 (man- 
ufactured by Toei Kogyo, Co., Ltd)". 

(16) The resin adsorptivity of the magnetic iron-based metal particles represents the degree at which a resin is 
adsorbed to the particles. The closer to 100 the value obtained in the following manner, the stronger the resin is 
adsorbed to the particles. 

The resin adsorption Wa was first obtained. 20 g of particles and 56 g of a mixed solvent (27.0 g of methyl 
ethyl ketone, 16.2 g of toluene, and 10.8 g of cyclohexanone) with 2 g of a vinyl chloride-vinyl acetate copolymer 
resin having a sodium sulfonate group dissolved therein were charged into a 100-ml polyethylene bottle together 
with 120 g of 3 mmf steel beads. The particles and the solvent were mixed and dispersed by a paint shaker for 
60 minutes. 



S TEM < m2/ 9) = {(2 X W + 4 X <p)/(W XipX p p )} X 10" 4 
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Thereafter, 50 g of the resultant coating composition was taken out, and charged into a 50-ml settling cylinder 
The solid content was separated from the solvent portion by the centrifugali7ation at a rate of 10000 rpm for 15 
minutes. The concentration of the solid resin content contained in the solvent portion was determined by a gravi- 
metric method as the resin adsorption Wa (mg/g) to the particles. 

The total quantity of separated solid content was taken into a 100 ml-tall beaker, and 50 g of a mixed solvent 
(25.0 g of methyl ethyl ketone, 15.0 g of toluene, and 10.0 g of cyclohexanone) was added thereto. The resultant 
mixture was subjected to ultrasonic dispersion for 1 5 minutes, and the thus-obtained suspension was charged into 
a 50-ml settling cylinder. The solid content was separated from the solvent portion by the centrifugalization them 
at a rate of 10000 rpm for 1 5 minutes. The concentration of the solid resin content contained in the solvent portion 
was measured so as to determine the resin content extracted from the resin which had been adsorbed to the 
particle surfaces into the solvent phase. 

Further, the process from the step of taking the solid content into the 100 ml-tall beaker to the step of deter- 
mining of the resin content dissolved into the solvent phase was repeated twice. The total quantity We (mg/g) of 
resin content dissolved into the solvent phase in the three cycles was obtained, and the value calculated in ac- 
cordance with the following formula is expressed as the resin adsorptivity T(%): 



T(%) = {(Wa - We)/Wa} x 100. 

20 The higher T value, the firmer the resin adsorption to the particles surfaces in the vehicle and the more favo- 

rable. 

(17) The change in the magnetic characteristics with passage of time of a magnetic recording medium caused by 
the corrosion of the magnetic iron-based metal particles was examined as follows. 
25 The magnetic recording medium was allowed to stand in an environment of a temperature of 60°C and a 

relative humidity of 90% for 14 days, and the coercive force and the saturation magnetic flux density were measured 
before and after standing. A change in each characteristic was divided by-the value before standing, and repre- 
sented by percentage. 

30 (18) The light transmittance of a magnetic sheet is expressed by the linear adsorption coefficient measured by 

using "Photoelectric Spectrophotometer UV-2100" (manufactured by Shimazu Seisakusho, Ltd.), The linear ad- 
sorption coefficient is defined by the following formula: 



35 



Linear adsorption coefficient (um~ ) = {1n (1/t)}/FT 



40 



wherein t represents light transmittance (-) at X = 900 nm, and FT represents thickness (urn) of the coating 
film composition of the film used for the measurement. 

The larger the value, the more difficult it is for the magnetic sheet to transmit light. 

As a blank for measuring the linear adsorption coefficient, the same non-magnetic base film as that of the 
above-mentioned magnetic sheet, was used. 



45 



50 



(19) The durability of a magnetic recording medium was represented by the running durability and the scratch 
resistance. 

(i) The running durability was evaluated by the actual operating time under the conditions that the load was 
200 gw and the relative speed of the head and the tape was 16 m/s by using "Media Durability Tester MDT- 
3000" (manufactured by Steinberg Associates Corp. ). The longer the actual operating time, the higher the 
running durability. 

(ii) The Scratch resistance was observed through a microscope and the degree of scratching was visually 
judged. 



55 



Evaluation was the following four ranks. 

A: No scratch 

B: A few scratches 

C: Many scratches 
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D: A great many scratches 
Example 1 

5 <Pulverization of titanium oxide particles by a wet process> 

750 g of commercially available titanium oxide particles (A) (crystal type: rutile, particle shape: granular, average 
particle diameter 0.055 urn BET specific surface area 73.4 m 2 /g, the content of soluble sodium salt: 560 ppm (calculated 
as Na), the content of soluble sulfate: 262 ppm (calculated as S0 4 ), soluble chloride: 186 ppm (calculated as CI), pH 
10 value: 7.2, geometrical standard deviation: 1 .51 ) obtained by a sulfuric acid method were roughly pulverized by a Nara 
mill in advance. Thereafter, the pulverized particles were charged into 5.0 liter of pure water and peptized by a hom- 
omixer (manufactured by Tokushu-kika Kogyo, Co., Ltd) for 60 minutes. 

The slurry of the titanium oxide particles obtained was then mixed and dispersed at an axial rotation frequency of 
2000 rpm while being circulated by a horizontal Sand Grinder Mill (Dispermat SL, manufactured by SC-Addichem, Co., 
is Ltd) . The titanium oxide particles in the slurry remaining on a sieve of 325 meshes (mesh size: 44 pm) was 0 wt%. 

The concentration of the titanium oxide particles in the obtained slurry was adjusted to 100 g/liter, and 6N-aqueous 
NaOH solution was added to 7 liter of the slurry under stirring so as to adjust the pH value to 1 3.5. The slurry was then 
heated to 95°C under stirring, and was held for 180 minutes at 95°C. 

The slurry was then washed with water by a decantation method and the pH value of the slurry was adjusted to 
20 10.6. The concentration of the slurry al this point was 89 g/liter. 

The obtained particles were filtered out through a Buchner filter, and the pure water was passed into the filtrate 
until the electric conductivity of the filtrate became not more than 20 ps. The particles were then dried by an ordinary 
method and pulverized to as to obtain the target titanium oxide particles. 

The titanium oxide particles obtained had an average particle diameter of 0.052 pm and a BET specific surface 
25 area (S BET ) of 73.5 m 2 /g. The content of soluble sodium salt was 1 37 ppm (calculated as Na), the content of soluble 
sulfate was 43 ppm (calculated as S0 4 ), and the content of soluble chloride was 10 ppm (calculated as CI). The pH 
value of the particles was 8.9, the geometric standard deviation o g of particle size was 1 .35, and the degree of dense- 
ness (S BET /S TEM ) was 2.01 . 

30 Example 2 

< Production of a non-magnetic undercoat layer> 

12 g of the titanium oxide particles (A) described above, a binder resin solution (30 wt% of a vinyl chloride-vinyl 
35 acetate copolymer resin having a sodium sulfonate group and 70 wt% of cyclohexanone) and cyclohexanone were 
mixed. The mixture (solid content: 72%) obtained was kneaded by a plast mill for 30 minutes. 

The kneaded material was taken out, charged into a 140-ml glass bottle together with 95 g of 1 .5 mm<t> glass beads,- 
a binder resin solution (30 wt% of a polyurethane resin having a sodium sullonate group and 70 wt% of a solvent 
(methyl ethyl ketone : toluene = 1:1)), cyclohexanone, methyl ethyl ketone and toluene. The resultant mixture was 
^o mixed and dispersed by a paint shaker for 6 hours to obtain a coating composition. 

The composition of the thus-obtained coating composition containing the titanium oxide particles was as follows: 



Titanium oxide particles 


100 parts by weight 


Vinyl chloride-vinyl acetate copolymer resin having a sodium sulfonate group 


10 parts by weight 


Polyurethane resin having a sodium sulfonate group 


1 0 parts by weight 


Cyclohexanone 


44.6 parts by weight 


Methyl ethyl ketone 


111 .4 parts by weight 


Toluene 


66.9 parts by weight 



The thus-obtained coating composition containing the titanium oxide particles was applied on a polyethylene 
terephthalate film of 12 pm in thickness to a thickness of 55 urn by an applicator, and the film was then dried, thereby 
forming a non-magnetic undercoat layer. The thickness of the non-magnetic undercoat layer was 3.5 pm, and the 
thickness of the substrate was 15.5 pm. 
ss The gloss of the non-magnetic undercoat layer was 170 %, the surface roughness Ra was 9.2 nm, and the Young's 

modulus (relative value) was 113. 
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Example 3 

<Production of a magnetic recording layer> 

s 12 g o1 acicular magnetic iron-based metal particles (a) (Co content: 5.61 wt%, Al abundance: 1.75 wt% (inside 

portion: 1.71 wt%, surface layer portion: 0.03 wt%, surface coat: 0.01 wt%), average major axial diameter: 0.120jjm, 
average minor axial diameter: 0.01 90 urn, aspect ratio: 6.3: 1, coercive force: 1840 Oe, saturation magnetization: 130 
emu/g), 1 .2 g of a polishing agent (trade name: AKP-30, produced by Sumitomo Chemical Co., Ltd.), 0.36 g of carbon 
black (trade name: 3250B, produced by Mitsubishi Chemical Corporation), a binder resin solution (30 wt% of a vinyl 

10 chloride-vinyl acetate copolymer resin having a sodium sulfonate group and 70 wt% of cyclohexanone) and cyclohex- 
anone were mixed. The mixture (solid content: 78 wt%) obtained was kneaded by a blast mill for 30 minutes. 

The kneaded material was taken out, charged into a 140-ml glass bottle together with 95 g of 1 .5 mmf glass beads, 
a binder resin solution (30 wt% of a polyurethane resin having a sodium sulfonate group and 70 wt% of a solvent 
(methyl ethyl ketone : toluene = 1:1)), cyclohexanone, methyl ethyl ketone and toluene. The resultant mixture was 

is mixed and dispersed by a paint shaker for 6 hours to obtain a magnetic coating composition. Thereafter, a lubricant 
and a hardening agent were added to the magnetic coating composition and the mixture was mixed and dispersed by 
a paint shaker for 15 minutes. 

The composition of the thus-obtained coating composition containing the titanium oxide particles was as follows: 



20 


Magnetic iron-based alloy particles 


1 00 parts by weight 




Vinyl chloride-vinyl acetate copolymer resin having a sodium sulfonate group 


1 0 parts by weight 




Polyurethane resin having a sodium sulfonate group 


1 0 parts by weight 




Polishing agent (AKP-30) 


1 0 parts by weight 


25 


Carbon black (#3250B) 


3.0 parts by weight 


Lubricant (myristic acid: n-butyl stearate =1:2) 


3.0 parts by weight 




Hardening agent 






(polyisocyanate) 


5.0 parts by weight 




Cyclohexanone 


65.8 parts by weight 


30 


Methyl ethyl ketone 


164.5 parts by weight 




Toluene 


98.7 parts by weight 



The thus-obtained magnetic coating composition was applied on the substrate having the non-magnetic undercoat 
layer to a thickness of 15 u.m by an applicator, and the magnetic recording medium obtained was oriented and dried 
in a magnetic field, and then calendered. The magnetic recording medium was then subjected to a curing reaction at 
a temperature of 60°C for 24 hours, and thereafter slit into a width of 0.5 inch, thereby obtaining a magnetic tape. The 
thickness of the magnetic recording layer was 1.1 u.m, and the total thickness of the magnetic tape was 16.6 pm. 

The coercive force He of the magnetic tape obtained was 1890 Oe, the squareness was 0.86, the gloss was 215 
%, the surface roughness Ra was 9.6 nm, the Young's modulus (relative value) was 119, and the linear absorption 
coefficient was 1.22. Changes in the coercive force He and the saturation magnetic flux density Bm with passage of 
time were 7.0 %, and 8.5 %, respectively. The running durability was 22.8 minutes and the scratch resistance was "A". 

Examples 4 to 10, Comparative Examples 1 to 3 

<Treatment of titanium oxide particles in an agueous alkali solution> 

Titanium oxide particles (B) to (H) shown Table 1 were prepared. 

Titanium oxide particles treated with an alkali were obtained in the same procedure as defined in Example 1 except 
for varying the kind of titanium oxide particles, whether or not the wet pulverization process was included, the pH value 
of the slurry, the heating time and temperature in the heat-treatment in an aqueous alkali solution. 

The main treating conditions and various properties are shown in Table 2. 

Example 11 

<Surface coating of titanium oxide particles> 

The pH value of the slurry was adjusted to 10.5 by washing with water by a decantation method in the same 
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procedure as defined in Example 1. The concentration of the slurry was 89 g/liter. 5 liter of the slurry was reheated to 
60°C, and 824 ml (equivalent to 5.0 wt% (calculated as Al) based on the titanium oxide particles) of a 1.0-N NaAI0 2 
solution was added to the slurry, and the mixture was held for 60 minutes. Thereafter, the pH value of the resultant 
mixture was adjusted to 8.0 by using acetic acid. 

s The particles were then filtered out, washed with water, dried and pulverized in the same procedure as defined in 

Example 1 , thereby obtaining titanium oxide particles coated with an hydroxide of Al. 

The titanium oxide particles obtained had an average particle diameter of 0.052 u.m and a BET specific surface 
area (S BET ) of 75.6 m 2 /g. The content of soluble sodium salt was 116 ppm (calculated as Na), the content of soluble 
sulfate was 20 ppm (calculated as S0 4 ), and the content of soluble chloride was 0 ppm (calculated as CI). The pH 

io value of the particles was 8.9, the geometric standard deviation o g of particle size was 1 .35, and the degree of dense- 
ness (S BET 7S TEM ) was 2.23. 

Examples 12 to 18 

15 Titanium oxide particles were obtained in the same procedure as defined in Example 11 except for varying the 

kind of titanium oxide particles, and the kind and the amount of surface treating material and the adjusted pH value of 
the slurry. 

The main producing conditions and various properties are shown in Table 3. 

20 Examples 19 to 33, Comparative Examples 5 to 16 

<Production of anon-magnetic undercoat laver> 

A non-magnetic undercoat layer was obtained in the same procedure as defined in Example 2 except for varying 
25 the kind of titanium oxide particles. 

The main producing conditions and various properties are shown in Tables 4 and 5. 

Examples 34 to 69, Comparative Examples 17 to 30 

so <Production of a magnetic recording medium using magnetic iron-based alloy particles> 

A magnetic recording medium using magnetic iron-based metal particles was obtained in the same procedure as 
defined in Example 3 except for varying the kind of non-magnetic undercoat layer and the kind of magnetic iron-based 
metal particles. 

35 The kind and various properties of magnetic iron-based metal particles, the main producing conditions for the 

magnetic recording medium and various properties of the magnetic recording medium are shown in Tables 6 to 9. 



40 



45 



SO 
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Table 1 



Partic les as a 


Ti tanium 


Ti tanium 


Titanium 


Ti tanium 


starting 


oxide 


oxide 


oxide 


oxide 


material 


partic les 


partic les 


particles 


particles 




(A) 


(B) 


(C) 


(D) 


Produc tion 


Sulfuric 


Sulfuric 


Sulfuric 


Sulfuric 


me thod 


acid 


acid 


ac id 


acid 




me thod 


me thod 


me thod 


me thod 


Crystal type 


Ru tile 


Rutile 


Rutile 


Rutile 




C^t ami 1 


VJi uliU J. Ol 


Gr anu lar 

\J J~ CA11UX Oi 


f^T~ ami 1 ra y 












11 LdRl UIU OX J. C_lt3 










par Lie les 
•••••»•*•«••••••••••••••*••••••»••»••«••••«•••*** 





................................a.... 


•■*• a •«•*.. a. •..«»»•••• •*•».. a . 





Average 










partic le 










diameter 










• Particle 


A n c c 


n n q -5 

u . uyz 


Pi 1/1 


0 . 173 


Ul cLlllfcr U fci-L Ul 










major axial 










diameter 




















•Minor axial 


— 


— 


— 


- 


diameter 










(Urn) 










-Aspect 










ratio 










Geometric 


- - 








standard 


1 . 51 


1.56 


1 . 53 


1 . 56 


deviation a g 










Specif ic 


— 









surface 


73 .4 


38.8 


29 .4 


22 .8 


area (m 2 /g) 










Soluble Na 


560 


f 425 


356 


. 398 


salt (ppm) 










Soluble 


262 


326 j 


276 


" 359" 


sulfate 










(ppm) 










Soluble 


186 


200 


17 6 


_„„„„ 


chloride ; 










(PPm) 

pH value of 


7.2 


7.0 




7.2 


partic les 
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Table 1 (Continued) 



5 


Particles as a 


Ti tanium 


Titanium 


Ti tanium 


Titanium 




starting 


oxide 


oxide 


oxide 


oxide 




material 


particles 


particles 


particles 


particles 






(E ) 


(F ) 


(G) 


(H) 


in 


Production 


Sulfuric 


Chlorine 


Sulfuric 


Sulfuric 


me thod 


acid 
me thod 


me thod 


acid 
me thod 


acid 
me thod 




Crystal type 


Ru tile 


Rutile 


Anatase 


Rutile 




Particle shape 


Granular 


Granular 


Granular 


Ac icular 


15 


Properties of 
titanium oxide 
particles 












Average 










20 


partic le 
diameter 












•Particle 


0. 096 


0. 126 


0 . 064 


0.291 




diameter or 












major axial 










25 


diameter 












(Jim) 
•Minor axial 








0 . 068 




dl 3TTl^1~ T~ 
\JLJL CUUC V_- ^ JL 










30 


(ixm) 
• Aspect 
ratio 








4.3:1 




Geomet ric 












standard 


1 . 74 


1. 63 


1 . 52 


1 . 60 


35 















Specif ic 












surface 


41 . 0 


25 . 5 


56 . 6 


44 . 5 


40 


area (m 2 /g) 










So liable Na 
salt (ppm) 


1 , 983 


563 


318 


2, 165 




Soluble 


3, 652 


164 


1, 489 


1, 862 




sulfate 










45 


(ppm) 












Soluble 


156 


462 


178 


208 




chloride 












(ppm) 










so 


pH value of 


5.8 


7. 5 


6.4 


7. 8 


particles 











55 
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Table 2 





Examples No . 


Ex . 1 


Ex . 4 


Ex . 5 


Ex . 6 


Ex . 7 


Ex . 8 


5 


Kind of particles 
as a starting 
material 


(A) 


(B) 


(C) 


(D) 


(E) 


(F) 




Wet pulverization 














10 


Yes or No 


Yes 


Yes 


Yes 


Yes 


Yes 


Yes 


Residue on 
sieve (wt%) 


0 


0 


0 


0 


0 


0 




Adjustment of pH 














15 


pH va lue 


13 . 5 


13 . 1 


13 .3 


13 .5 


13 .8 


13 . 5 


Heat- treatment in 
aqueous alkali 
solution 
















Temperature 


95 


85 


83 


95 


98 


100 


20 


(°C) 
















Time (min) 


180 


12 0 


12 0 


90 


180 


95 




Properties of 
















titanium oxide 














25 


particles treated 














with aqueous 
alkali solution 
















Average major 
axial diameter 


0 . 052 


0 . 088 


0 . 134 


0 . 169 


0.092 


0 . 125 


30 


(urn) 

.»»••«{...•.«.• ...... ....< 
















Ge ometric 
















• standard 


1.35 


1.36 


1.33 


1. JO 


1 . 43 


1.48 




deviation cf g 














35 


Average minor 
axial diameter 
(fim) 
















Aspect ratio 






*~ 








40 


S BEX (m 2 /g) 


73 . 5 


39.0 


29 . 5 


22 . 9 
....._.„...... 


40 . 8 


25 . 0 




TEM * ' ' 


33 . 9 


20 . 1 


......_.„...... 




19 .2 


„...„.„....„_..... 






O 1 *7 

Z . X / 


1 Q A 




o TO 1 


*5 1 
Z . X J 


JL . / / 


45 


Soluble Na salt 


137 


128 


144 


in 


56 


"""136'" 


(ppm) 
















Soluble sulfate 


43 


56 


38 


20 


16 


69 




(ppm) 
















So luble 


10 


5 


10 


15 


0 


10 


50 


chloride (ppm) 
















pH value of 


8 . 9 


9. 1 


9.3 


9.0 


8.8 


9.2 




partic les 















55 



23 

BNSDOCID: <EP 0047961 A 1J_> 




EP 0 847 961 A1 



Table 2 (Continued) 



5 


Examples No. 


Ex . 9 


Ex . 10 


Comp . 
Ex . 1 


Comp . 
Ex . 2 


Comp. 
Ex . 3 




Kind of particles 
as a starting 
material 


(G) 


<H) 


(E) 


(E) 


(E) 


10 


Wet pulverization 














Ye s or No 


Yes 


Yes 


i Yes 


Ye s 






Residue on 
sieve (wt%) 


o 


0 


o 


o 




15 


Adjustment of pH 
pH value 


13 .4 


13 . 5 


11 .5 


13 .3 


13 .1 


20 


He at -treatment in 

dqUcOUS al Kail 

solution 












Temperature 
<°C) 


90 


95 


85 


40 


80 




Time (min) 


90 


95 


85 


"To 


................ 


25 


Properties of 
titanium oxide 
particles treated 
with aqueous 
alkali solution 












30 


Average major 
axial diameter 

/ \ \Tf\ \ 


0. 061 


0. 289 


0. 092 


0. 092 


0. 095 


35 


tjiiru 

Geometric 
standard 

deviation <j g 


1. 32 


_. 

1. 48 




1. 45 




1. 44 


— 

1. 68 




Average minor 
ax ial di ameter 


— 


0. 06 


— 


- 


- 


40 


As pec t ra t io 




4.5:1 










Stat-rr, (m^/ci) 


57 .0 


43 .8 


42 .1 


42 .0 


41 .5 




Stem (ro 2 /g) 


28 . 9 


20 .4 


19 .2 


19 .2 


18 .6 


45 


S BET / S TEM 


1 . 97 


2 . 15 


2 . 19 


2 . 19 


2 . 23 




Soluble Na salt 
(ppm) 


91 


96 


'390 


365"""" 


"""'392 


50 


Soluble sulfate 
(ppm) 


9 


16 


381 


251 


168 




So luble 
chloride (ppm) 


25 


0 


70 


56 


20 ■ 


55 


pH of 
particles 


90 


9.3 


6. 8 


7 . 3 


7 . 4 



BNSDOCID: <EP 0847961 A1_l_> 



24 




EP 0 847 961 A1 



Table 3 





Ex amp 1 es 


Ex . 11 


Ex . 12 


Ex. 13 


Ex . 14 


5 
10 


Kind of titanium 
oxide particles 
treated with 
aqueous alkali 
soluti on 


Ex airvD le 1 


Examol e 4 


Examol S 


TT-V" =J 7TI7 — ) "| <=> £ 




Surface treatment 












Kind 


Sodium 
aluminate 


Water 
glass #3 


Al uminum 
sulfate 


Colloi dal 
si lica 


15 


Amount added 
calculated as 
element (wt%) 


5. 0 


1. 0 


3 . 0 


5. 0 




rnafina rnmnm i nH 










20 


Kind 


Hydroxide 
of Al 


Si0 2 


Hydroxide 
of Al 


Si0 2 




Amount (wt%) 


4 . 71 


6. 96 


2 . 93 


4. 21 




pH adjusted to 


8.0 


8.2 


8 . 5 


8. 0 


25 


Properties of 
titanium oxide 
particles treated 
wi th aqueou s 
alkali solution 










30 


Average major 
axial diameter 


0. 052 


0. 089 


0. 134 


0.169 


35 


.S.nnELr. 

Geometric 
standard 

deviation a g 


1.35 


1. 37 


1. 34 


1.36 


40 


Average minor 
axial diameter 
(Um) 

Htm»llllllMI»WIHUHWHItlHH*HMH»Mt«un 

Aspect ratio 


— 


- 


— 


- 




Stjpm (m^/a) 

BET \*»* » 53 * 


75 . 6 


39 .2 


28 .8 


23 . 8 


45 


Stem (m 2 /g) 
s BET / s TEM 


33.9 | 
27*23 


19 .8 
1 . 93 


13 .2 
2 . 19 


10 .4 

5728" 




Soluble Na salt 
(ppm) 


116 


118 


106 


89 


50 


Soluble sulfate 
(ppm) 


20 


40 


31 


21 




Soluble 
chloride (ppm) 


0 


0 


0 


0 


rr r 


pH value of 
partic les 


8. 9 


9.3 j 


9'7'6 


?7i' 



25 
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Table 3 (Continued) 





Examples 


Ex . 


15 


Ex. 


16 


5 


Kind of titanium 












oxide particles 


Example 7 


Example 8 




treated with 












aqueous alkali 










10 


solution 












Surface treatment 








Kind 


Sodium 


Water 


Aluminum 


Water 






aluminate 


glass #3 


sulfate 


glass #3 


15 


Amount added 










calculated as 
element (wt%) 


3 . 0 


1. 0 


0. 5 


3.0 




Coating compound 






20 


Kind 


Hydroxide 
Of Al 


Si0 2 


Hydroxide 
of Al 


Si0 2 




/UllUUllU \ w t u / 


2 . 88 


6.91 


0. 48 


2 . 86 




T"»W -met" o/"^ t* o 


8. 


0 


8. 


5 




"P >~ r\ir\c^ir i~ i pc o "F 










25 


titanium oxide 
particles treated 
with aqueous 
alkali solution 










30 


Average major 
axial diameter 


0. 092 


0.124 




( urn) 












Ge ometric 












standard 


1. 


43 


1. 


47 


35 


deviation a g 

Average minor 
ax ial di amet er 
(pm) 










40 


j ,,.,^P.^.t Ht ratio i _ Ti 












S BET (m 2 /g) 


To" 

H»H»HHt»IHHHIU»NMH 


"*8 




TT 




S TEM (m z /g) 


19 


.2 


14 


.2 


45 


• ••••t(IM«tm>MnHH»U>UiMIHItUHHIHI»IIIIt>l 

s BET / s TEM 


2 . 


13 


1.76 




Soluble Na salt 


43 


130 




(ppm) 












Soluble sulfate 


8 


63 


50 


(ppm) 










Soluble 
chloride (ppm) 


C 


i 


0 






pH va lue o f 


9. 


0 | 


9. 


3 




partic les 











55 
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Table 3 (Continued) 





Exampl es 


Ex . 


17 


Ex . 18 


Comp . 


5 










Ex . 4 




Kind of titanium 








ti tanium 




oxide particles 


Example 9 


Ex amp 1 e 


oxide 




treated with 






10 


partic les 


10 


aqueou s a 1 ka 1 i 
solution 








(E) 




Surface treatment 










Kind 


Sodium 


Water 


Sodium 


Aluminum 


15 




aluminate 


glass #3 


aluminate 


sulfate 


Amount added 












calculated as 


10 .0 


3 . 0 


1.5 


2.0 




element (wt%) 












Coating compound 








20 


Kind 


Hydroxide 
of Al 


Si0 2 


Hydroxide 
of Al 


Hydroxide 
Of Al 




Amount (wt%) 


8.91 


2. 86 


1 . 4*8 


! 1. 88 




nH ad"iusted to 


7. 


8 


8. 0 


8 . 0 


25 


Properties of 
titanium oxide 
particles treated 
with aqueous 
alkali solution 










30 


Average major 
axial diameter 


0 . 062 


0. 290 


0. 092 




(um) 












Geometric 










35 


standard 
deviat ion a g 


1. 


32 


1 . 48 




1. 44 




Average minor 
axial diameter 






0. 064 




40 














Aspect ratio 






4.5:1 


— 




S BET (m 2 /g) 


60 


. 1 


43 .7 


40 . 8 

.„.„.-„„ 


45 \ 


S TEM (m^/g) 


28 


.5 


20 .4 




S BET / S TEM 


2 . 


11 


2 . 14 


2 . 13 




Soluble Na salt 


87 


51 


513 




(ppm) 










50 


Soluble sulfate 
(ppm) 


11 


12 ™ 


39eT 




Soluble 


15 


0 


86 




chloride (ppm) 












pH value of 


9 . 


0 


9. 1 


7 . 8 


55 


partTcTes 
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Table 4 



5 





Examples 


Ex . 2 


Ex . 19 


Ex . 20 


Ex . 21 


Ex . 22 


Ex. 23 




Production of 














10 


non-magnetic 
coating 
















Kind of 














IS 


titanium oxide 
partic les 


Ex . 1 


Ex . 4 


Ex . 5 


Ex . 6 


Ex . 7 


Ex . 8 




Weight ratio 














20 


of particles 
and resin 


5. 0 


5. 0 


5. 0 


5. 0 


5.0 


5.0 




Non-magnetic 
















coating 














25 


Vi scos ity 

(CP) 


1, 280 


1, 024 


512 


256 


896 


563 




Non-magnetic 














30 


vmdercjDat l^y^JEl 










- 






Tiilckness 


3.5 


2. 9 


3 . 0 


2. 6 


2 . 7 


2 . 8 


35 


(JJtnO 

Gloss (%) 


170 
•••••«•••••••••«••••«»< 


168 


152 

•••••••••••••••••••••it 


14 6 


16 12. 


_153 




Surface 


9.2 


10 .0 


12 .2 


13 .8 


11 . 1 


12 .4 




roughness (nm) 














40 


Young 1 s 
















modulus 


113 


112 


116 


121 


108 


116 




(Relative 
















value) 















45 



SO 
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Table 4 (Continued) 



5 





Examples 


Ex . 24 


Ex. 25 


Ex . 26 


Ex . 27 


Ex . 28 




Pr odvic tion of 












10 


non-ma gne tic 

££.?.!;A5J?. 

Kind of 












15 


LI L_ di 1 J_ \JJ.li UAXUC 

partic les 


TTv Q 


Ex . 10 


Ex . 11 


Ex . 12 


Ex . 13 




We xyllt. IolIO 












20 


of particles 

CLilVJ. -U C i> -1-11 


5. 0 


5.0 


5.0 


5. 0 


5.0 




lNUil UlCL y lit? L> X 














coating 












25 


Vi scos itv 

(CP) 


1, 536 


33 3 


1, 892 


89 6 


235 




Non-ma gne tic 












30 


undercoat layer 








- 






Thickness 


3. 0 


2.8 


3.0 


2. 8 


2 . 9 




(pa) 












35 


Gloss (%) 


17 0 


141 


196 


17 2 


15 6_ 




Surface 


9. 3 


14 .4 


7.0 


8. 6 


11.8 




roughness (nm) 












40 


Young* s 














modulus 


107 


12 6 


115 


116 


120 




(Relat ive 












45 


value) 













SO 
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Table 4 (Continued) 



5 





Examples 


Ex. 29 


Ex . 30 


Ex . 31 


Ex . 32 


Ex. 33 




rrouucciun oj. 












10 


non-magnetic 
coating 














Kind of 












75 


t i tani um ox ide 
pa. rtic les 


rix . J. 4 


C*X . x D 






c*x . io 




Weight ratio 












20 


of oarticles 
and resin 


5 . 0 


5. 0 


5 . 0 


5. 0 


5 . 0 




Non-ma gne tic 












25 


coat ing 












vi scos lty 

(CP) 




76 8 


410 


1,280 


204 




No n-ma gne tic 












30 


undercoat layer 














Thickness 


3 . 1 


2 . 6 


2. 6 


3. 0 


2.6 
















35 


Gloss (%) 


146 


166 


158 


175 


147 




Surface 


13 .0 


9.8 


10 .8 


8. 2 


13 .7 




roughness (nrn) 












40 


Young 1 s 














modulus 


12 6 


116 


12 2 


112 


130 




(Relative 












45 


value) 













50 
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Table 5 

5 





Examples 


Comp . 


Comp. 


Comp . 


Comp . 


10 




Ex . 5 


Ex . 6 


Ex . 7 


Ex. 8 




Production of 












no n -ma gne tic 










15 


coating 










Kind of 


Ti tanium 


Titanium 


Titanium 


Ti tanium 




ti taniuin oxide 


oxide 


ox ide 


oxide 


oxide 


20 


partic les 


partic les 


particles 


particles 


particles 




(A) 


(B) 




(D) 




Weight ratio 












of particles 


5. 0 


5.0 


5.0 


5. 0 


25 


and resin 












Non-ma gne tic 












coating 










30 


Viscos ity 

(CP) 


5, 120 


2, 560 


896 


333 




No n -ma gne tic 










35 


undercoat layer 












Thickness 


3.1 


3.2 


3.0 


3.2 




_JKE> 










40 


Gloss (%) 


138 


121 


111 


96 


Surface 
roughness (nm) 


15 .2 


18 .8 


21 . 6 


46 .3 


45 


Young ' s 










modulus \ 
(Relative 
value) 


82 


86 


89 


96 



50 



55 
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Table 5 (Continued) 

5 





Examples 


Comp . 


Comp . 


Comp . 


Comp. 


10 




Ex . 9 


Ex . 10 


Ex . 11 


Ex 12 




XT J_ ULiU.^. L X U 11 ^/ -L 












no n -ma gne tic 










15 


coating 










Kind of 


Ti tanium 


Ti tanium 


Ti tanium 


Ti tanium 




ci cam uin oxiae 


ox ide 


ox ide 


ox ide 


oxide 


20 


pa rtic les 


partic les 


partic les 


partic les 


oa rtic le«? 




\ ) 


( F } 


la \ 




\J} m l 




We ioht ratio 












o r pa r Lie les 




D . U 




D . U 


25 














No n-ma gne tic 












coat ino 










30 


Vi scos ity 

(CP) 


1, 152 


768 


2, 304 


461 




Non-magnetic 










35 


undercoat layer 












Thickness 


2. 8 


2.8 


2.9 


3.0 




(fim) 










40 


Gloss (%) 


68 1 


120 


73 


43 


Surface 
roughness (nm) 


112 


18 .6 


96 .0 


17 6 


45 


Young ' s 










modulus 
(Relat ive 
value) 


84 


98 


78 


103 



50 
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Table 5 (Con tinued) 

5 





Examples 


Comp . 


Comp . 


Comp . 


Comp . 


1 u 




Ex. 13 


Ex . 14 


Ex . 15 


Ex. 16 


Production of 
no n-ma gne tic 










15 


coating 










Kind of 


Comp . 


Comp . 


Comp . 


Comp . 




titanium oxide 


Ex. 1 


Ex . 2 


Ex . 3 


Ex . 4 




partic les 










20 


Weight ratio 












of particles 


5. 0 


5.0 


5.0 


5.0 




and resin 










25 


No n-ma gne tic 
coating 












Viscos ity 


794 


768 


1, 126 


742 


30 


(CP) 












No n -ma gne tic 








- 




undercoat layer 










35 


Thickness 
(fim) 


3.2 


3.0 


3 . 0 


3 . 1 




Gloss (%) 


98 


108 


96 


110 


40 


Surface 
roughness (nm) 


38 .6 


19 .8 


39 .0 


18 .8 




Young 1 s 












modulus 


91 


96 


98 


95 


45 


(Relat ive 
va lue ) 











50 



55 
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Table 6 



5 





I\X lid UL it Id y i It: < — 


IXGiyXXwl~ XV_ 


X id y liC L -1 v 


Ma nn pf l r 
x xn y x ic l. x v_ 


lid y x its L 1L 




paiLlC IcS 


X X Ull 


JL X. Uil 


"i V on — 

X X W 1 X 


"i ~r~ nn — 
X X \Jll 






based 


based 


based 


ba sed 


10 




me tal 


metal 


me tal 


metal 






particles 


particles 


particles 


partic les 






(a) 


(b) 


(c) 


(d) 




Properties of 










fO 


magnet ic iron-based 










metal particles 












Average major axial 


0 . 121 


0 . 162 


0. 104 


oTTio 




diameter (}im) 












Average minor axial 


0. 0191 


0. 0221 


0. 0158 


0. 0150 


20 


diameter (Jim) 












Geometric standard 


1. 41 


1. 37 


1. 35 


1. 36 




deviation (a g ) 












Aspect ratio 


[ 6 - 3 


7 . 3 


6 . 6 


7.3 j 


or 


Coercive force (Oe) 


1 , 840 


1 , 630 


1, 905 


1/915 j 




Saturation 












magnet iza tion 


130.0 


13 7.1 


138.0 


131.6 




/ Arm 1 / CT \ 
\ CHILL / y / 










30 


Co content (wt%) 


5. 61 


2 . 30 


6.31. 


5 .' 9 3 ' 




Abundance of Al 












•Central portion 


1. 71 


2 . 17 i 


1. 12 


2. 61 




(wt%) 












•Surface layer 


0. 03 


0. 01 


2 . 55 


1. 36 


35 


portion (wt%) 
•Surface coat 
(w.t%) 


0. 01 


0. 01 


0. 48 


0. 01 






0. 00 


0. 00 


6. 36 


0. 01 


40 


Resin adsorption 
strength (%) 




7576 


80 .1 





45 



50 



55 
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Table 6 (Continued) 



5 





Kind of magnetic 


Magnet ic 


Magnet ic 


Magnet ic 




partic les 


iron- 


ir on- 


iron- 






iw/OL «-J w \-jL 


KJCL O C \Ji 


y~> ci 0 \jl 


10 




me tal 


metal 


metal 






partic les 


particles 


partic les 






(e) 


(f ) 


(g) 




Properties of 








15 


magnetic iron-based 








metal particles 










Average major axial 


0. 098 


0 . 101 


0. 125 




diameter (}im) 










Average minor axial 


0. 0134 


0. 0144 


0 . 0184 


20 


diameter (fim) 










G e ome trie s t anda r d 


1. 35 


1. 38 


1. 35 




deviation (d g ) 










Aspect ratio 


i 7.3 


7. 6 


6. 8 


25 


Coercive force (Oe) 


1, 938 


2 : , 065 


1, 896 




Saturation ! 










magnetization 


130.5 


128.9 


13 0. 8 




{ emu/ g ) 








30 


Co content (wt%) 


5. 80 


6. 51 


5. 21 




Abundance of Al 










•Central portion 


1. 32 


1. 38 


0. 01 




(wt%) 








35 


-Surface layer 


2. 84 


2 . 65 


0. 01 


portion (wt%) 
•Surface coat 
(wt%) 


0. 01 


0. 78 

_~ 


0. 01 




Nd content (wt%) 


0. 36 




0. 01 


40 


Resin adsorption 
strength (%) 


80 .1 


83 .6 


5i".6 



45 



50 



55 
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Table 7 

5 



Examples 


Ex . 3 


Ex . 3 4 


Ex . 3 5 


Ex . 3 6 


Magnetic recording 










medium 










Kind of non- 










magnet ic 


Ex. 2 


Ex . 19 


Ex . 21 


Ex. 23 


undercoat layer 










Kind of magnetic 


Magnetic 


Magnet ic 


Ma gnet ic 


Magnet ic 


partic les 


iron- 


iron- 


iron- 


iron- 




based 


based 


based 


based 




metal 


metal 


metal 


metal 




particles 


particles 


particles 


particles 




(a) 


(a) 


(a) 


(a) 




Weight ratio of 










magnet ic 


5 . 0 


5 . 0 


5 , 0 


5. 0 


partic les 










and resin 










Thickness of 










magnet ic layer 


1 . 1 


1 . 2 


1 . 1 


1 . 2 












Coercive force 


1 , 890 


1,916 


1, 891 


1 , 950 


(Oe) 










Br/Bm 


U. OD 


n a "7 
u • o / 


n a ^ 
u. oo 


U . o / 


V5T A ^ c; 7 £ \ 


215 


205 


19 6 


20 0 

£* \J \J 


bur race rougnness 




Q Q 


i i n 
11 


in c 


(nm) 










Young' s modulus 


1 1 Q 

_l ± y 


1 1 *7 


J.Z 1 


lZ D j 


(Relative value) 





IMHMW »HMMMMHHimt«»l 








Durabi lity 










• Running 


OO Q 




^ X . o 














• Scratch 


A 


A 


B 


B 


resistance 










Linear absorption 


1. 22 




17*24 


1723 


coefficie n t _ J^g£LL 










Corros iveness 










•Rate of change 










in coercive 


7.0 


7.8 


6.3 


8. 8 


force 










(%) 










•Rate of change 


8.5 


6.5 


7.8 


9. 5 


in Bm (%) 
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Table 7 (Continued) 



5 





Examples 


Ex . 37 


Ex. 38 


Ex. 39 


Ex. 4 0 


10 


Magnetic recording 
medium 










Kind of non- 
magnet ic 
undercoat layer 


Ex. 25 


Ex. 28 


Ex. 30 


Ex . 3 2 


75 
20 
25 


Kind of magnetic 
partic les 


rlayilcL XL 

iron- 
based 
metal 
partic les 
(a) 


iTicl y IlfcSL IC 

iron- 
based 
metal 
partic les 
(a) 


1*1 cl yuc lie 

iron- 
based 
me tal 
partic les 
(a) 


riaynec IC 
iron- 
based 
metal 
particles 
(a) 


Weight ratio of 
magnet ic 
partic les 
and resin .. 
Thickness of 
magnetic layer 

Lis?.?. : 

Coercive force 
(Oe) 
. Br/Bm 


5. 0 
1. 1 


5. 0 
1. 1 


5. 0 
1. 0 


5.0 
»•••••••»•••••«••■••■•.••.••••• 

0.9 


30 


1, 883 


17*903 

TT87 


TTsfTsr 


17919 


35 


. Gloss (% ) 

Surface roughness 

(nm) 

Young 1 s modulus 
(Relative value) 


18 6 

.__..„. 


201 

ioTo" 

121 


213 
9. 2 

116" *-" 


-220 
132~"'~ 


40 


Durability 
-Running 

durability (min) 
-Scratch 
resistance 


21 .0 
B 


24 .9 
A 


26 .1 
A 


30< 
A 


45 


Linear absorption 
coefficient (fim -1 ) 


1. 20 


„.._ 


1T20" 




SO 


Co rros ivenes s 
-Rate of change 
in coercive 
force 
(%) 

-Rate of change 
in Bm (%) 


6. 6 
5.2 


•MUninmuHiHuiiiuaimi 

4. 6 
3. 6 


3.2 
3.0 


4.0 
5. 1 



55 
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Table 7 (Continued) 



Examples 


Ex. 41 


Ex . 42 


Ex. 43 


Ex . 44 


Magnetic recording 
medium 










Kind of non- 
ma gnet ic 
undercoat layer 


Ex . 2 6 


Ex . 20 


Ex . 22 


Ex. 24 


Kind of magnetic 
partic les 


Magnet ic 
iron- 
i ba s ed 
metal 
partic les 
(a) 


Ma cme tic 
iron- 
based 
metal 
partic les 
(b) 


iron- 
based 
me tal 
particles 
(b) 


1 Id y lie C JL C 

iron- 

me tal 
partic les 
(b) 


Weight ratio of 
magnetic 
particles 
and resin 


5. 0 


5. 0 


5.0 


5.0 


Thickness of 
magnetic layer 
(pn) 


1. 1 


1.0 


1.1 


1.0 


Co ere i ve force 
(Oe) 


1, 923 


1, 680 


1, 691 


1,695 


Br /Bm 


6. 88 


0 . 88 , 


6. 88 


6. 88 


Gloss (%) 


229 


210 


213 


218 


Surface roughness 
(nm) 


7. 9 


10 . 6 


9.4 " 


8.8 


Young's modulus 
(Relative value) 


12 0 


12 0 


121 


136 


Durability 
•Running 

durability (min) 

• Scratch 

resistance 
•••••••••••»••*•*•••»•••»••••••••«•••*»••*•••»*•• »»•••»■■ •»••■•••• 

Linear absorption 
coefficient 


25 .1 
A 


20 .7 
B 


26.5 
A 


29 .6 

A 
1. 24 


1.21 


1 . 22 


1. 23 


Co rros iveness 
•Rate of change 
in coercive 
force 
(%) 

•Rate of change 
in Bm { % ) 


6. 2 

7. 8 


5. 6 

6. 1 


8.6 
8.8 


8.3 
9.0 



55 
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Table 7 (Continued) 

5 





r> X. dJllj^J X fc: i> 


Ex 4 5 


Fx 4 6 


Ex . 4 7 


Ex . 4 8 




Magnetic recording 












medium 










10 


Kind of non- 












magnetic 


EX . z / 


ex . z y 


hiX . J l 


r*x . j J 




undercoat layer 












Kind of magnetic 


Magnet ic 


* 

Magnet ic 


jyiagnec ic 


iriagneTi ic 


15 


partic les 


iron- 
ba sed 


iron- 
based 


iron- 
ba sed 


iron- 
ba sed 






me tax 


me tai 


me tal 


me tal 






partic les 


partic les 


pa r cic ies 


pa ruic ies 






(b ) 


(b ) 


(b ) 


(b) 


20 


nC J.yil L lu V— J- v_/ v_/ a_ 

Iuaylict 1C 

particles 

ClilLl XCTOXH 


S 0 




S 0 


S 0 


25 


rpVn "i r* l^*n a c C /"\ i 












it ici y * ic u j. v-. j^a 


1 . 1 


1 . 1 


1 . 1 


i . i 
















Coercive force 


1, 712 


1, 701 


1, 676 


1, 668 














30 


Br /Bin 


"""75790 


"6789 " 


6787 ~ 






Gloss (%) 






201 


194 

_„..„.„„„ 




Surface roughness 


8.0 




™.._72 : " 






(nm) 








„.„..„. 


35 


Yo ung 1 s mo dulu s 
(Relative value) 


120 


123 


116 






J- CLLJ X X X 1— _jf 












• Running 


30< 


27 . 5 


20 . 8 


29 .0 


40 


durability (min) 










• Sc ratch 
resistance 


A 


A 


A 


A 




Linear absorption 


1. 22 


1723 




TT25 


45 


coefficient dun" 1 ) 










Corros ivenes s 
•Rate of change 












in coercive 


4. 1 


6. 6 


4. 8 


3. 6 




force 










50 


(%) 












•Rate of change 


6. 8 


7. 8 


6. 5 


4. 6 




in Bm (%) 











55 
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Table 8 



5 





Ex amp 1 es 


Ex. 4 9 


Ex . 50 


Ex . 51 


Ex . 52 




Magnetic recording 












medium 










10 


Xind of non- 












TTir^ cmet ic 

iuci yj.it v— -l \— • 


Ex . 2 


Ex . 19 


Ex . 20 


Ex . 21 




imderc oat laver 












Kind of magnetic 


Magnet ic 


Magnet ic 


Magnetic 


Magnet ic 


15 


paiLlC lcS 


XX Ull 


i v on — 

XX Ull 


i t~ nn — 

XX Ull 


XX Ull 




ba sed 


based 


sed 


ba sed 






me tal 


me tal 


me tal 


Hlw v_d X 






par tic les 


partic les 


partic les 


*Da rticles 






(c ) 


(d) 


(d) 


(d) 


20 


Weight ratio of 












ma one tic 


5 . 0 


5 . 0 


5 . 0 


5 . 0 




particles 












and resin 






•••■•■«»•••■■*■»»»■••••■•■■• 




25 


Thickness of 










magnet ic layer 
(|im) 


1. 1 


1. 0 


1.0 


1. 1 




Coercive force 


1, 969 


1, 990 


1. 995 


1, 982 




(Oe) 










30 


Br/Bm 


6. 87 


0. 87 


0.88 


6 . 88 




Gloss <%) 


23 1 


237 


237 


228 




Surface roughness 


7 . 0 


6. 9 


7.2 


7.2 




(run) 










35 


Young' s modulus 
(Relative value) 


132! 


128 


12 7 


13 0 




Durabi lity 










40 


•Running 

durability (min) 


30< 


26 .8 


27 .1 


26 .0 


-Sc ratch 
resistance 


A 


A j 


A 


B 




Linear absorption 


1. 21 


1. 21 


1. 22 


1. 23 




coefficient (Jinr 1 ) 










45 


Corros ivenes s 
•Rate of change 












in coercive 


4 . 8 


6. 7 


4. 7 


7. 6 




force 










50 


(%) 

•Rate of change 
in Bm (%) 


5 . 3 


5. 4 


5. 1 


6.0 



55 
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Ex amp les 


Ex . 53 


Ex . 54 


Ex . 55 


Ex . 5 6 


Ma emetic ire cordincr 










me dium 




















IllcL y lit: I — L (_ 


p Y 9 9 




r Y 9 /I 

HiA. . jl, *dt 


r*x - .6 D 


unciexc Ua L. x d y fcr i 










Kind of magnetic 


Magnetic 


Magnetic 


Magnet ic 


Magnetic 


partic les 


iron- 


ir on- 


iron- 


iron- 




based 


ba sed 


Da seu 


ba sed 




me t a 1 


lues ual 


lilt: LdX 


me tal 




TTS^ Y~ t~ 1 r 1 c; 
pcii. * LU xeso 




Y* t~ 1 <-» 1 O c; 
]JCli LlU xco 


i-JCt X U X t leb 




(d) 


( C ) 


(c ) 


(e ) 


We ioht ratio of 










11 Id y X 1C L J-C- 


5 0 


5 0 


5 0 


5 0 


nartic les 










and resin 










Thickness of 










ma emetic laveir 
( LLm) 


1. 0 


1 . 0 


1 . 1 


1 . 1 


\ M-J.U / 

Coercive force 





l7 977 ~ 


1, 974 


* 1*79 99 


(Op) 

........ ........................ 











Br / Bm 


'5787 


0 . 88 




0 . 89 


Gloss (%) 


'230 " 


231 1 


22 9 


2*21 


Surface roughness 


7. 9 


7 . 6 


7. 0 


7 . 5 


(nm) 






.... 




Young's modulus 


131 


12 7 




„._™..„. 


(Relative value) 










Durafai litv 










- Running 


25 .2 


30< 


30< 


30< 


durability (min) 










•Scratch 


B 


A 


A 


A 


resistance 










Linear absorption 


T724~ 


ITfF" 


T752 




co e if f i c i e nt ({fin"* ) 




>■••«••..•« HtHHUHIMnuIII 




■•..•..•••.•••■••«••••«•■••••.»« 


Co rros ivenes s 










• Rate of change 










in coercive 


5.7 


4.8 


6. 0 


6. 8 


force 










(%) 










•Rate of change 


5. 3 


6.3 


7. 5 


6. 0 


in Bm ( % ) 











10 



15 



20 



25 



30 



35 



40 



45 



SO 



41 
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Table 8 (Continued) 



5 





Ex amp les 


T? v ^ 1 

c*X . D / 


CiX . DO 




ILX . DU 




Magnetic recording 
medium 










10 


Kind of non- 
magnet ic 
undercoat layer 


Ex , 2 6 


Ex . 27 


Ex . 28 


Ex . 29 


15 


Kind of magnetic 
partic les 


Magnetic 
iron- 
based 
metal 

particles 
(e ) 


Magnet ic 
iron- 
based 
metal 
partic les 
(a) 


Magnet ic 
iron- 
based 
metal 
particles 
(e ) 


Magnet ic 
iron- 
based 
metal 
particles 
(e) 


20 


Weight ratio of 
magnet ic 
partic les 
and resin 


r~ s\ 


C A 

D . 0 


5 . 0 


5 . 0 


25 


Thickness of 
magnetic layer 

(fJLrn^ 

Coercive force 
(Oe) 
Br/Bm 


1. 0 


1. 1 


1. 1 


1. 1 


30 


1, 989 

— — 
--•-•«•—— 

^ M 


17975 

£m mJ tt 


'17998"""" 
— — 

^ J y 


"T7989 

*± X 




Surface roughness 
(nm) 


7 . 8 


6. 8 




_. 


35 
40 


Young's modulus 
(Relat ive [...value) 
Durabi lity 
-Running 

durabi litv (min) 
• Scratch 
resistance 


13 2 

30< 
A 


12 8 

26 .8 
B 


12 7 ■ 

30£ 
A 


129 

30< 
A 


45 
50 


Linear absorption 
coefficient (nirr 1 ) 


1. 25 


1. 21 


1. 25 


1. 26 


Co rros ivenes s 
-Rate of change 
in coercive 
force 
(%) 

•Rate of change 
in Bm (%) 


7 . 2 
9.0 


3.1 | 
5. 4 


1. 8 
6.4 


3 . 6 

41 
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Table 8 (Continued) 



5 





r*xampi es 


r Y £ 1 










Magnetic recording 
me qi ujri 










10 


Kind of non- 












magnet ic 


Ex . 3 0 


Ex . 31 


Ex . 32 


T— i_ _ *5 "5 

Ex . 3 3 




undercoat layer 












Kind of magnetic 


Magnet ic 


Magnet ic 


Magnetic 


Magnet ic 


15 


partic les 


iron- 
based 


iron- 
oasea 


iron- 
oasea 


iron- 
Dasea 






metal 


metal 


metal 


metal 






partic les 


partic les 


partic les 


par uic les 






V i ) 


\ X ) 


' i ... 


v i ; 


20 


weiyfiL idLlO UL 












magnet ic 








D . u 




particles 
ana. resin 










25 


Thickness of 










(Jim) 




1 1 


1 . 0 


1 . 0 




Coercive force 


2, 138 


2, 145 


2, 143 


2, 134 




(Oe) 










30 


i_> ±. / can 


0 . 90 


0 . 89 


0 . 90 


0 . 89 

— — • 




Gl OSS ( % > 


23 8 


"238 


'"241 
._ 






Surface roughness 


6. 1 


6.0 


















35 


\ X\ JLGL i — -l_ V V d LLC / 


12 9 


13 1 


12 7 


12 8 




iAllaDl 11 ty 
• T3i i nn incf 


30< 


30< 


30< 


30< 


40 


durability (min) 










• Scratch 
resistance 


A 


A 


A 


A 




Linear absorption 


1. 26 


1. 25 


1. 25 


1. 26 


45 


coefficient (fJUtr 1 ) 










Co rros ivenes s 
•Rate of change 












in coercive 


6.7 


7 . 0 


8.3 


6.4 




force 










50 


(%) 












•Rate of change 


3 . 5 


7 . 8 


3. 6 


5. 1 




in Bm (% ) 











55 
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Table 8 (Continued) 

5 





Examples 


Ex . 65 


Ex . 0 6 


Ex . b / 


Ex .68 j 




Magnetic recording 












medium 










7 U 


Kind of non- 












magnetic 


Ex . 2 


Ex. 2 


Ex. 2 


Ex. 2 




undercoat layer 












Kind of magnetic 


Magnet ic 


Magnet ic 


Ma gnet ic 


Magnet ic 


15 


particles 


iron- 
based 


iron- 
based 


iron- 
based 


iron- 
based 






metal 


metal 


metal 


metal 






particles 


particles 


particles 


particles 


20 




(g.) 


(g) 


(g) 


(g) 


Weight ratio of 










magnet ic 


5 . 0 


5 . 0 


5 . 0 


5. 0 




particles 












and resin 










25 


Thickness of 












magnetic layer 
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Table 8 (Continued) 
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Table 9 (Continued) 
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Table 9 (Continued) 
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Table 9 (Continued) 
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Claims 

1 . Titanium oxide particles having an average particle size of not more than 0.3 um and a BET specific surface area 
of 15 to 200 m 2 /g; containing not more than 230 ppm of a soluble sodium salt, calculated as Na, and not more 
than 150 ppm of a soluble sulfate, calculated as S0 4 ; and having a pH value of not less than 8. 

2. Titanium oxide particles according to claim 1 , which are granular in shape and have an average particle diameter 
of from 0.005 to 0.3 um 

3. Titanium oxide particles according to claim 1 , which are acicular or rice-ball shaped and have an average major 
axial diameter of from 0.005 to 0.3 prn, an average minor axial diameter of from 0.0025 to 0. 1 5 urn and an aspect 
ratio of from 2 : 1 to 20 : 1. 

4. Titanium oxide particles according to any one of the preceding claims, wherein the particle size distribution based 
on the particle diameter in a geometrical standard deviation is not more than 1 .5. 

5. Titanium oxide particles according to any one of the preceding claims, which further have a degree of denseness 
represented by the ratio (S BET /S TEM ) of the specific surface area (S BET ) measured by the BET method and surface 
area (S TEM ) calculated from the average particle diameter measured from the particles in an electron microphoto- 
graph, of Irom 0.5 to 3.0. 

6. Titanium oxide particles according to any one of the preceding claims, wherein said content of soluble chloride is 
not more than 100 ppm, calculated as CI. 

7. Titanium oxide particles according to any one of the preceding claims, which have a coating layer of at least one 
hydroxide or oxide selected from a hydroxide of aluminum, an oxide of aluminum, a hydroxide of silicon and an 
oxide of silicon. 

8. Titanium oxide particles according to claim 7, wherein the amount of coated material is 0.01 to 50 wt%, calculated 
as Al, based on the weight of the particles; 0.01 to 50 wt%, calculated as Si0 2 , based on the weight of the particles; 
or 0.01 to 50 wt%, calculated as Al and Si0 2> based on the weight of the particles. 

9. A substrate suitable for a magnetic recording medium, which substrate comprises: 

(a) a non-magnetic base film; and 

(b) a non-magnetic undercoat layer on said non-magnetic base film, said layer comprising titanium oxide par- 
ticles as defined in any one of the preceding claims as non-magnetic particles and a binder resin. 

10. A substrate according to claim 9, wherein said non-magnetic undercoat layer has a thickness of 0.2 to 10.0 um 

11. A substrate according to claim 9 or 10, wherein said titanium oxide particles are present in an amount of from 5 
to 2000 parts by weight per 100 parts by weight of said binder resin. 

12. A substrate according to any one of claims 9 to 11, which further has a gloss of 140 to 280 % and a surface 
roughness Ra of 1 .0 to 1 5.0 nm. 

13. A magnetic recording medium comprising: 

(i) a substrate as defined in any one of claims 9 to 12; and 

(ii) a magnetic recording layer on said non-magnetic undercoat layer, said recording layer comprising magnetic 
particles containing iron as a main ingredient and a binder resin. 

14. A magnetic recording medium according to claim 13, wherein said magnetic recording layer has a thickness of 
0.01 to 3.0 um 

15. A magnetic recording medium according to claim 13 or 14, wherein said magnetic particles containing iron as a 
main ingredient have an average major axial diameter of 0.01 to0.3um, an aspect ratio of 3 : 1 to 15 : 1 ,a coercive 
force of 95.5 to 255 kA/m (1200 to 3200 Oe) and a saturation magnetization of 100 to 170 Am 2 /kg (100 to 170 
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emu/g). 

1 6. A magnetic recording medium according to any one of claims 1 3 to 1 5, wherein said magnetic particles containing 
iron as a main ingredient comprise iron and at least one selected from Co : Al, Ni, R Si, Zn, Cu, B, Nd, La and Y 

5 

1 7. A magnetic recording medium according to any one of claims 1 3 to 1 6, wherein said magnetic particles containing 
iron as a main ingredient are present in said recording layer in an amount of from 200 to 2000 parts by weight per 
100 parts by weight of said binder resin present in said recording layer. 

10 18. A magnetic recording medium according to any one of claims 1 3 to 17, which further exhibits a coercive force of 
71.6 to 278 kA/m (900 to 3500 Oe), a squareness of 0.85 to 0.95, a gloss of 180 to 300%, a surface roughness 
of not more than 15.0 nm, a linear absorption coefficient of 1.15 to 2.00 jam, a corrosiveness represented by rate 
of change in coercive force with passage of time of not more than 10.0%, and a corrosiveness represented by rate 
of change in saturation magnetic flux density with passage of time of not more than 10.0 %. 
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19. Use of titanium oxide particles as defined in any one of claims 1 to 8 as non-magnetic particles in a non-magnetic 
undercoat layer of a magnetic recording medium. 

20. Use of a substrate as defined in any one of claims 9 to 12 as a substrate of a magnetic recording medium. 
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